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Previously  [1,  2]  we  considered  possible  mechanisms  for  the  reaction  of  ketone  formation  from  carboxylic 
acids  and  gave  thermodynamic  calculations  for  this  process  when  it  occurred  with  intermediate  formation  of  acetate, 
and  we  discussed  some  characteristics  of  the  decomposition  of  Ca,  Sr,  and  Mg  acetates.  We  showed  that  the  ionic 
or  radical  mechanisms  of  the  reaction  were  not  essential,  and  in  some  cases  were  certainly  incorrect.  In  an  analy¬ 
sis  of  the  experimental  data  we  suggested  the  idea  of  formation  of  an  intermediate  active  six-membered  molecular 
complex. 

The  purpose  of  the  present  work  is  to  obtain  data  on  the  kinetics  of  ketone  formation  from  CH3COOH  over 
oxides  of  Mg,  Zn,  and  Cd  and  to  explain  the  mechanism  of  the  ketone  forming  reaction  over  a  wide  range  of 
temperatures. 


EX  PERIMENTAL 

Preparation  of  the  catalysts.  ZnO  was  obtained  by  precipitation  from  a  solution  of  Zn(N03)2  with  257«  NH3 
[3];  the  precipitate  was  filtered,  washed  to  a  negative  reaction  for  NO3  with  diphenylamine,  pressed  out,  formed 
into  tablets  2x2  mm*,  dried  at  100*,  and  ignited  in  a  stream  of  nitrogen  at  500-600*.  The  final  weight  of  the 
catalyst  was  0.46  g/cm*. 

CdO  was  obtained  by  precipitation  from  a  solution  of  Cd(N03)2  with  ammonium  carbonate  [3];  the  precipi¬ 
tate  was  washed,  pressed,  formed  into  tablets  2x2  mm*,  and  ignited  at  600*,  first  in  a  stream  of  air  and  then  in 
a  stream  of  nitrogen  after  wliich  it  was  sealed  into  ampules.  The  weight  of  CdO  was  1.1  g/cm*. 

MgO  was  obtained  from  previously  synthesized  magnesium  carbonate  [1]  by  ignition  at  550*  in  a  stream  of 
nitrogen.  The  weight  of  MgO  was  0.125  g/em*. 

EXPERIMENTAL  METHODS 

For  carrying  out  the  reaction  of  ketone  formation  a  quartz  tube  with  4  cm*  of  catalyst  was  placed  in  a  hori¬ 
zontal  furnace  heated  to  a  determined  constant  temperature  and  regulated  by  an  electric  relay  with  an  accuracy  of 
±0.5*.  Before  the  experiment,  the  system  was  blown  out  with  nitrogen.  The  acetic  acid  was  supplied  from  an 
automatic  deliverer  [4].  After  the  experiment  had  been  carried  out,  the  tube  with  the  catalyst  was  removed  from 
the  furnace,  cooled  by  blowing  a  stream  of  nitrogen  through  it,  and  the  catalyst  was  studied  by  the  x  -ray  powder 
method  * , 


•Phase  analysis  of  the  samples  was  carried  out  with  the  participation  of  L.  D,  Kretalova,  to  whom  the  authors 
express  their  thanks. 
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The  x-ray  patterns  of  the  MgO  and  CdO  preparations  were  taken  with  an  RKD  camera  with  illumination 
by  the  K  a  series  of  copper  with  a  nickel  filter;  at  35  kv  and  10  ma  the  exposure  for  MgO  was  8-12  hours  and 
for  CdO  3-3^  houn.  The  ZnO  preparations  were  photographed  in  an  RPK-2  camera  with  iron  illumination  and 
a  manganese  filter;  at  14  ma  and  34  kv  the  exposure  was  10  hours.  Identiffcatlon  of  the  phase  was  carried  out 
from  data  In  the  tables  [5]  and  also  by  comparing  the  x-ray  patterns  of  the  working  and  starting  catalysts  witu 
die  x-ray  patterns  of  the  corresponding  acetates.  The  accuracy  of  the  x-ray  pattern  measurements  averaged 
0J2  mm.  All  the  preparations  studied  were  crystalline;  however,  the  x-ray  patterns  of  the  acetates  and  the 
preparations  which  contained  acetates  differed  in  the  strong  background  and  diffuse  lines  because  of  the  very 
high  dispersity  or  considerable  content  of  amorphous  phase. 

The  analysis  of  the  gaseous  products  collected  in  the  eudiometer  was  carried  out  in  a  VTI-1  apparatus. 

Thermogravimetric  study  of  the  decomposition  of  the  Cd  and  Zn  acetates  (c.  p.)  and  also  of  the  catalysts 
after  they  had  been  used  was  carried  out  on  the  apparatus  described  before  [2].  The  samples  weighed  160-260  mg, 
the  rise  In  temperature  was  canied  out  at  a  rate  of  lymin,  and  in  some  special  experiments  the  temperature 
at  the  same  rate  was  brought  to  a  definite  value  and  then  maintained  approximately  consunt. 

To  determine  whether  there  was  reduction  to  the  metal,  we  measured  the  magnetic  susceptibility  of  the 
CdO  preparation  at  20*  by  the  method  of  Faraday  [6]* . 

EXPERIMENTAL  DATA 

hi  Figs.  1  and  2  we  give  the  thermogravimetric  curves  for  decomposition  of  the  dihydrate  and  anhydrous 
forms  of  Zn  acetate.  The  temperature  is  on  the  abscissa  and  the  loss  in  weight  (in  mg)  on  the  ordinate. 

Fig.  1  shows  that  loss  of  water  is  complete  at  100*.  Decomposition  of 
Zn  acetate  begins  and  ends  below  the  melting  point  (242*)  [7],  which  contra¬ 
dicts  the  data  of  [8].  The  experiments  showed  that  if  the  temperature  is 
brought  to  about  180*  and  then  kept  constant,  the  zinc  acetate  dihydrate  is 
completely  decomposed  with  the  formation  of  ZnO.  Anhydrous  zinc  acetate, 
dried  at  160*,  also  begins  to  decompose  below  200*,  and  if  the  temperature 
is  kept  about  constant,  even  at  205*  it  is  completely  decomposed  (Fig.  2). 

Decomposition  of  cadmium  acetate  dihydrate  (Fig.  3)  also  occurred 
somewhat  differently  form  the  description  in  [8].  At  first,  up  to  100*,  there 
was  loss  of  1.5  molecules  of  water,  and  then  to  200*  of  the  remaining  0.5 
molecule  of  water.  Actual  decomposition  of  cadmium  acetate  began  at  about 
210*  and  ended  at  300*. 

Based  on  the  temperature  of  beginning  decomposition  of  acetates  of 
Mg  [2],  Zn,  and  Cd,  we  studied  the  kinetics  of  vapor  phase  catalytic  ketone 
formation  from  CHjCOOH  over  the  oxides  of  these  metals. 

The  results  of  measurement  of  the  catalytic  activity  are  given  graphically 
In  Fig.  4:  on  the  abscissa  is  the  temperature,  on  the  ordinate  the  activity  ^  expressed  in  ml  CO2  (standard  con¬ 
ditions)  formed  in  ketone  formation  from  1  ml  of  CH3COOH  (complete  transformation  of  1  tril  of  CH3COOH  into 
— CH3COCH3  formed  196  ml  of  COj).  For  comparison  we  have  also  added  to  the  graph  the  results  of  experiments 
on  ketone  formation  from  acetic  acid  over  the  carbonates  of  Mg,  Ca,  Sr,  and  Ba  [1].  The  activities  of  MgO, 

ZnO,  and  CdO  at  experimental  temperatures  close  to  the  decomposition  temperatures  of  the  corresponding 
acetates  are  zero.  In  no  case  did  we  succeed  in  dropping  below  the  temperature  of  decomposition  of  the  acetate. 
At  temperatures  of  ketone  formation  close  to  the  decomposition  temperatures  of  the  acetates,  the  catalyst 
sharply  changed  its  external  form,  and  its  density  increased  several  fold.  Thus,  in  the  case  of  CdO  (240-250*) 
the  catalyst  grew  lighter  in  color  and  its  density  increased  2.5  times.  Acetic  acid  first  reacted  with  the  catalyst 
to  form  the  acetate  and  then  distilled  without  change.  A  similar  effect  was  also  observed  by  Sendcrens  [9]. 


Fig.  1.  Decomposition  of  Zn* 
(CH3C00)2*2H20  (sample  210 
mg). 


•These  measurements  were  made  in  our  laboratory  by  A.  A.  Slinkin. 
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Fig.  2.  Decomposition  of  Zn* 
(CH3C00)2  dried  at  160*  (sample 
261  mg,  temperature  after 
reaching  200*  is  kept  constant). 


The  results  of  the  phase  analysis  arc  shown  schematically 
in  Fig.  5,  where  the  intensity  of  the  lines  is  on  the  ordinate 
and  the  values  (in  A)  for  the  interface  distances  are  on  the 
abscissa.  The  x-ray  patterns  for  the  initial  and  working 
catalysts  differ  greatly  from  each  oilier.  At  240-270*  the 
x-ray  pattern  of  the  CdO  preparation  (Fig.  5a)  shows  lines 
of  the  oxide,  carbonate,  and  acetate  of  cadmium.  From 
300*  and  over  we  see  only  the  line  of  CdO.  The  MgO  prepa¬ 
ration  up  to  330*  shows  along  with  the  MgO  lines  also  the 
lines  of  the  acetate  and  probably  the  carbonate  (Fig.  5b), 

Since  because  of  the  strong  background  we  could  not  photo¬ 
graph  the  MgO  preparation  in  the  iron  illumination,  which 
gives  more  lines,  but  only  with  copper  the  basic  lines  for 
Mg  acetate  were  concentrated  in  a  region  of  small  angle, 
which  lessened  the  accuracy  of  the  calculation.  Therefore 
we  obtained  the  thermogravimetric  curve  for  the  decompo¬ 
sition  of  the  working  MgO  catalyst  (Fig.  6)  which  was 
compared  with  the  analogous  curve  for  the  decomposition 
of  magnesium  acetate  [2].  The  decomposition  of  magnesium 
carbonate  begins  at  a  lower  temperature  than  the  decompo¬ 
sition  temperature  of  the  working  catalyst  and  the  acetate. 
While  the  decompositions  of  the  working  catalyst  and  the 
acetate  occur  continuously,  the  decomposition  of  the  carbon¬ 
ate  is  stepwise,  which  is  evidently  connected  with  the 
stability  of  the  phase  xMgO*yC02  [10].  ®  temperature 

of  about  390*  decomposition  of  the  acetate  and  the  spent 
catalyst  is  nearly  complete,  but  at  this  temperature  the 
carbonate  is  only  half  decomposed.  If  from  the  amount  of 
MgO  obtained  after  decomposition  of  a  sample  of  spent 
catalyst  we  calculate  the  amount  of  carbonate  or  acetate 
from  which  the  MgO  was  formed,  then  for  the  carbonate  we 
obtain  lower  and  for  the  acetate,  higher  values.  Evidently 
the  spent  catalyst  consists  chiefly  of  MgO  and  acetate  with 
an  admixture  of  a  small  amount  of  magnesium  carbonate. 

Catalytic  ketone  formation  from  CH3COOH  over  ZnO 
up  to  and  including  350*  occurs  with  formation  of  a  white 
deposit  in  the  cold  part  of  the  tube:  as  the  deposit  increases, 
the  amount  of  catalyst  lessens.  It  was  noted  that  as  the 
amount  of  catalyst  decreased,  its  activity  did  not  change, 
and  when  the  remainder  of  the  catalvst  was  very  slight,  it 
fell  sharply.  X-ray  analysis  of  the  deposit  (Fig. 

5c)  showed  only  tlie  lines  of  zinc  acetate.  However,  it  is 
knowTi  that  zinc  acetate  is  nonvolatile  and  is  incapable  of 
subliming,  in  distinction  from  the  basic  acetate  Zn40(CHj* 
COO)g  [11-14].  According  to  data  published  previously  the 
formation  and  sublimation  of  Zn40(CH3C00)6  occur  in  a 
vacuum.  Our  experiments  showed  that  this  process  also 
occurs  at  atmospheric  pressure  and,  there,  is  markedly  shifted 
tov'ard  formation  ot  the  basic  acetate.  The  thermogravimetric  curve  of  decomposition  of  the  white  deposit 
(Fi".  7)  shows  full  agreement  with  the  analogous  curves  for  zinc  acetate  (Figs.  1,  2)  and  the  stoichiometric  reaction 
agrees  well  with  the  decomposition  of  simple  and  not  basic  zinc  acetate.  Evidently  zinc  acetate  is  first  formed 


Fig.  3.  Decomposition  of  Cd* 
(CH3C00)2-2H20  (sample  160  mg). 


Fig.  4.  Change  of  catalytic 
activity  with  temperature 
(a-milliliters  CO2  per  1  ml 
CH3COOH). 


ZnOf2CH3COOH=Zn(CH3COO)2fH20 
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Fig.  5.  Results  of  x-ray  analysis  of  the  catalysts,  a)  Cadmium,  b)  mag¬ 
nesium,  c)  zinc.  Designations  of  phase:  1)  Metal  oxide;  2)  metal  carbonate; 
3)  metal  aceute. 


and  in  the  presence  of  water  this  splits  out  part  of  its  acetic  acid  and  is 
converted  to  the  basic  acetate 

4Zn(CH3C(X))7fH20Zn40(CH3COOV2CH3COOH. 

The  basic  zinc  acetate  sublimes  and  decomposes  with  formation  of 
acetate  and  oxide  on  the  walls  of  the  quartz  tube 

Zn40(CH3CCXD)6=Zn03Za(CH3COO)2. 

Wc  note  that  at  240*  no  deposit  is  found.  This  agrees  well  with  the 
fact  that  sublimation  of  the  basic  acetate  occurs  at  270*280*  [14]. 

The  composition  of  the  gaseous  products  indicates  that  on  MgO  ketone 
formation  occurs  without  side  reactions,  on  ZnO  almost  the  same  (1-2% 
unsaturated  hydrocarbons),  on  CdO  up  to  400*  without  side  reactions  (2.5% 
unsaturated  hydrocarbons),  and  at  440*  there  is  an  oxidation-reduction 
type  of  process:  the  amount  of  H2,  CO  and  saturated  hydrocarbons  reaches 
5.5%,  the  color  of  the  spent  catalyst  changes  to  green,  and  measurement 
of  the  magnetic  susceptibility  shows  the  formation  of  metallic  cadmium 
(X*10*  for  CdO  before  work  and  after  experiments  at  260-360*  is  -0.33; 
after  experiments  at  440*  it  is  -0.27,  and  for  metallic  cadmium  it  is  -0.1746  [15]).  After  heating  in  air  at  550* 
for  8  hours  the  susceptibility  of  the  catalyst  which  worked  at  440*  returns  to  its  former  value  and  the  color  changes 


Fig.  6.  Decomposition  of  MgC03, 
^8(^2^302)2  3nd  the  MgO  catalyst 
after  work  (ketone  formation  from 
CH3COOH  at  310*). 
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from  green  to  the  red  characteristic  of  CdO.  Calculation  by  the 
law  of  additivity  shows  that  about  107(»  of  tltc  catalyst  consists  of 
metallic  cadtnium.  Attempts  at  thermogravimetric  determination 
of  the  overweight  due  to  oxidation  of  the  Cd,  as  would  be  expected, 
did  not  succeed,  since  at  a  wciglit  of  150  mg  the  overweight  would 
only  be  1.5  mg.  The  absence  of  change  in  magnetic  susceptibility 
of  catalysts  which  contain  acetate  is  explained  by  the  small  difference 
between  the  values  of  the  susceptibility  of  cadmium  acetate  and 
oxide. 

DISCUSSION  OF  RESULTS 

Our  experiments  showed  that  with  MgO,  CdO,  and  ZnO  the 
formation  of  ketone  from  cn3COOH  occurs  in  a  way  analogous  to 
that  with  the  carbonates  of  Mg,  Ca,  Sr,  and  Ba,  that  is,  by  inter¬ 
mediate  formation  of  the  acetates  of  the  corresponding  metals.  In  no  case  of  ketone  formation  was  the  temper¬ 
ature  lower  than  the  decomposition  temperature  of  the  corresponding  acetate.  Phase  analysis  of  MgO,  CdO,  and 
ZnO  catalysts  after  running  ketone  formation  up  to  350“  showed  the  presence  of  acetates  of  the  metals  making 
up  the  phase  volume.  Thus,  in  the  case  also  of  the  catalysis  described  here  at  the  temperature  measured,  inter¬ 
mediate  compounds  are  formed  in  the  entire  volume  of  the  catalyst.  At  high  temperatures  the  rate  of  decom¬ 
position  of  tlie  acetates  becomes  greater  and  therefore  they  are  no  longer  found  in  the  working  catalysts.  At 
temperatures  near  the  decomposition  temperatures  of  the  acetates  the  rate  of  their  formation  considerably  sur¬ 
passes  the  rate  of  their  decomposition,  and  the  catalyst  is  completely  converted  into  the  acetate. 

Ketone  formation  on  ZnO  is  complicated  by  the  formation  of  the  volatile  basic  zinc  acetate  which  decom¬ 
poses  on  the  tube  walls,  and  therefore  in  the  kinetics  of  the  decomposition  of  zinc  acetate  there  should  be  a 
diffusion  effect. 


Temperature 

Fig.  7.  Decomposition  of  the  white 
deposit  obtained  in  ketone  formation 
from  CU3CCX3H  over  ZnO  at  320* 
(weight  162  mgX 


The  activation  energy  E  of  ketone  formation  from  CH3COOH  was  calculated  graphically  for  the  experi¬ 
ments  in  which  conversion  of  CH3COOH  into  0113000113  did  not  exceed  307o.  MgO  was  excluded  because  of  the 
comparatively  high  temperature  of  decomposition  of  the  acetate,  whose  splitting  limited  the  beginning  of  the 
reaction,  and  the  great  temperature  coefficient  of  the  reaction.  The  values  for  the  activation  energy  for  the 
different  catalysts,  including  also  the  alkaline  earth  carbonates,  are  given  below  along  with  other  data. 

It  is  advisable  to  compare  the  activation  energies  of  ketone  formation  by  the  different  oxides,  though 
the  value  of  E  obtained  for  ZnO  is  low  for  the  reason  given  above,  and  also  corresponding  to  the  data  of(16J 
which  show  that  E  for  decomposition  of  the  acetate  is  45  kcal/mole.  Since  we  showed  in  our  experiments 
that  acetate  is  the  intermediate  product,  and  since  the  step  of  decomposition  of  the  acetate  determines  the  rate 
of  the  reaction,  E  for  ketone  formation  from  CH3COOH  on  ZnO  should  be  equal  to  about  45  kcal/mole  which 
is  approximately  equal  to  E  for  CdO. 


According  to  the  values  of  E  we  can  divide  the  catalysts  into  two  groups:  CaC03<  SrC03<  BaC03,  and 
ZnO,  CdO<  MgO.  In  both  groups  E  rises  with  strengthening  of  the  basic  properties  of  the  catalyst.  This  confirms 
the  idea  expressed  in  the  previous  work  [1]  that  the  highest  activation  barrier  is  connected  with  the  reaction  of 
decomposition  and  not  with  the  formation  of  acetate.  In  the  active  six-membered  complex  [17],  which  was 
assigned  the  structure 


O 

HjC<  >Me, 

jC - O' 

W3G/  II 

O 


depending  on  the  covalent  bond  Me— O,  e»  ctrons  will  be  drawn  off  by  the  oxygen  of  the  carbonyl  group 
C  =  O  either  from  the  Me— O  bond  or  from  another  bond,  especially  from  the  C— 11  of  the  methyl 
group  [18].  With  increased  covalency  of  the  Mc-0  bond  the  electrons  of  the  methyl  group  will  be  attached 
more  strongly  and  this  will  create  a  positive  charge  on  the  hydrogen  and  a  negative  charge  on  the  carbon.  At 
the  same  time  the  attraction  of  the  electrons  to  the  oxygen  of  the  carbonyl  group  will  permit  formation  of  a 
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positive  charge  on  the  carbon.  Such  electron  shifts  will  permit  formation  of  bonds  i*l3C...^=6,  which  will  calisc 
a  lowering  of  the  activation  energy  of  the  reaction.  Thus,  increase  in  the  covaicncy  of  the  Me-O  bond  lowen 
the  activation  energy.  The  degree  of  the  covalency  of  the  Mc-0  bond  can  be  judged  by  the  difference  in  electro¬ 
negativity  (X)  of  the  atoms  of  oxygen  and  metal.  Then  the  degree  of  ionic  character  of  the  bond  A-B  (in  %) 

(ICB)  and  hence  also  the  degree  of  covalency  of  the  bond  (in  %)  (DCC'  can  be  determined  by  the  Pauling  equation 
1193: 

The  data  on  relative  electronegativities,  taken  from  [20], are  given  with  other  data  in  Table  1. 


TABLE  1 


Element 

A' 

ICB  (%) 

DCB  (%) 

Mg 

1.12 

2.42 

77.42 

22..58 

Ca 

0.!l8r) 

2.5.55 

80.45 

19..55 

Sr 

(1.928 

2.612 

81.85 

18.15 

Ila 

l).‘M)3 

2.637 

82.40 

17.60 

Zn 

1.464 

2.076 

65.93 

34.07 

Cd 

1.396 

Z144 

68.30 

31.70 

0 

3.54 

— 

— 

— 

TABLE  2 


Zn 

Cd 

Ble 

Ca 

Sr 

Ba. 

q  (kcal/mole)  [21,  22] 

17 

21.8 

42.5 

.5.5.7 

61.0 

DCT  (%)^ 

34.07 

31.70 

22.58 

19.55 

18.15 

17.60 

E  by  MeO 

11 «45*) 

36.6 

114 

48.2 

71.8 

81.4 

E  by  MeCOj 

28** 

40 

— 

27.6 

34.5 

39.9 

Log  A  1 

5l3  I 

9.2 

36 

4.3 

4.9 

6.4 

If  ve  compare  the  values  of  E  (Table  2)  for  carbonates  of  Ca,  Sr,  and  Ba,  and  for  oxides  of  Mg  and  Cd, 
we  can  see  that  the  activation  energy  of  ketone  formation  by  carbonates  is  somewhat  lower.  This  is  connected 
with  the  fact  that  when  the  splitting  of  the  six-membered  transitional  complex  leads  to  the  formation  of  carbonate, 
as  occurs  in  the  case  of  the  complex  of  alkaline  earth  metals,  there  is  a  further  rearrangement  of  the  bonds, 
passing  through  the  formation  of  a  four-membered  complex. 
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The  gain  due  to  energy  of  combination  in  the  four-membered  complex  can  be  estimated  approximately 
from  the  heat  effect  ^  of  formation  of  carbonate  from  the  metal  oxide  and  ('O2:  MeOfC02=MeCOyfq.  Such 
a  reanangement  of  bonds  in  the  case  of  fotmation  of  the  carbonate  has  an  isoencrgctic  character  (rupture  of 


•Energy  of  activation  of  decomposition  of  zinc  acetate  [16]. 

••Energy  of  activation  of  ketone  formation  from  CH3CC)OH  by  ZnCC^,  calculated  on  the  assumption  that  the 
energy  of  activation  of  ketone  formation  by  ZnO  is  equal  to  the  energy  of  activation  of  decomposition  of  zinc 
acetate  (<i5  ckal/  mole). 
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the  bonds  oC-C,  o  Mc-0,  tt  Me-0,  tt  C-0,  nnd  formation  of  the  bonds  oC-C,  tt  Me-O,  ttC-O,  o  Me-O,  oC-O), 

Thus  from  the  point  of  view  of  encrjjy  this  process  is  favorable  and  leads  to  the  greatest  lowering  of  E[17],  In 
the  case  of  formation  of  metal  oxides,  sucli  an  isoenergctic  rearrangement  of  the  bonds  docs  not  occur:  there 
is  rupture  of  the  bonds  oC-C,  <»  Me-O,  oC-O  and  formation  of  bonds  oC-C,  rr  Me-O,  irC-O. 

It  is  of  interest  to  calculate  E  of  ketone  formation  by  the  oxides  of  the  alkaline  earth  metals,  and  also 
by  the  carbonates  of  zinc  and  cadmium,  since  experimental  determinations  of  these  values  is  impossible  (under 
the  experimental  conditions  the  oxides  of  the  alkaline  earth  metals  are  converted  to  carbonates,  aud  further 
ketone  formation  occurs  on  the  metal  carbonates,  and  the  carbonates  of  Zn  and  Cd  are  decomposed  below  the 
temperature  of  ketone  formation).  Corresponding  witli  the  above  mentioned  energy  of  activation  by  McO,  the 
energy  of  activation  by  MeC03  is  the  same  plus  the  heat  effect  of  the  reaction. 

The  data  of  Table  2  show  that  for  the  calculated  values  of  activation  energy  the  same  order  of  succession 
is  retained  with  increasing  basic  properties  of  the  metal.  Comparison  of  the  DC13  (%)  with  the  calculated  and 
experimental  determinations  of  the  activation  energy  of  ketone  formation  confirms  the  idea  of  the  effect  of 
covalency  of  the  bond  of  McO  on  the  activation  energy  of  the  reaction. 

The  supplementary  formation  of  the  four  rnembered  complex  leads  to  a  "twisted"  molecule  and  to  a  sharp 
decrease  in  "A"  which  is  found  in  the  experiment  (Table  2).  Ketone  formation  from  CH3COOM  by  the  carbonates 
of  Ca,  Sr,  and  Ba  is  characterized  by  a  much  lower  Ig  A  than  by  oxides  of  Cd  and  Mg.  The  low  value  of  Ig  A 
in  the  reaction  of  ketone  formation  by  ZnO  is  evidently  connected  with  the  diffusion  process  of  transfer  of 
substance  and  formation  of  the  basic  acetate  Zn40(CH3C(X))5. 

We  can  assume  that  increase  in  E  in  the  scries  CaC03<SrC03<  BaC03  is  explained  by  increase  in  expendi¬ 
ture  of  energy  in  transfer  from  tlic  cystal  lattice  of  carbonate  to  the  acetate  lattice.  The  calculations  of  K.  B. 
Yatsimirskii  [23]  permit  us  to  estimate  the  difference  in  energy  of  the  crystal  lattice  Uji^jg(303  ^Me(CH3COO)j* 
for  calcium,  AU=722-581=ldl  kcal/molc;  for  strontium,  AU=675-545=130  kcal/molc;  for  baritim,  AU=G47-521= 

=  12G  kcal/molc;  that  is,  the  expenditure  of  energy  decreases  in  the  series  Ca,  Sr,  Ba,  which  contradicts  the 
direction  of  change  of  E.  Comparison  of  E  and  Ig  A  of  ketone  formation  by  different  catalysts  permits  us  to  es¬ 
tablish  a  sharply  expressed  compensation  effect  [24]  in  which  the  growth  of  E  is  accompanied  by  a  growth  of 
Ig  A.  In  a  number  of  cases  the  reaction  of  ketone  formation  is  accompanied  by  side  reactions  whose- intensity 
depends  on  the  nature  of  the  catalyst.  This  occurs  cither  at  high  temperatures  (>500*)  [1],  or  when  the  value 
of  E  is  very  great.  We  can  properly  say  tliat  with  good  ketone  formation  catalysts,  there  cannot  be  catalysts 
with  a  large  E  (about  60  kcal/mole).  In  fact,  study  of  the  thermal  decomposition  of  CH3COOH  at  500-900* 

[25]  showed  that  kctcnic  (CH3C00H->CH2=C=0+ll20)  and  methane  (CH3COOH-CH4tC02)  decompositions  are 
characterized  by  E  equal  to  67.5  and  62 kcal/molc  respectively.  It  is  evident  that  at  E  of  ketone  formation  on 
this  order  or  over, the  reaction  of  pyrolysis  of  CH3COOH  will  complete  successfully  with  ketone  formation.  Thus, 
for  example,  on  CdO  at  440’  the  reaction  of  ketone  formation  is  accompanied  by  side  processes  which  lead  to 
reduction  of  part  of  the  catalyst  to  metallic  Cd.  lu  the  case  of  the  reaction  of  ketone  formation  itself,  in  accord 
with  the  temperature  coefficient,  the  equilibrium  is  reached  on  MgO  and  CdO  at  350*  (89.5  and  97.27o  trans¬ 
formation  respectively),  while  on  ZnO  it  is  reached  only  at  480*. 

SUMMARY 

1.  Vapor  phase  catalytic  ketone  formation  from  CH3COOH  was  studied  in  a  flowing  system  at  240-500* 
over  MgO,  ZnO  and  CdO.  It  was  found  that  the  reaction  of  ketone  formation  does  not  occur  at  temperatures 
below  the  temperature  of  decomposition  of  the  acetates  of  Mg,  Zn,  and  Cd.  Formation  of  the  acetate  in  the 
process  of  ketone  formation  was  confirmed  by  x-ray  and  thermogravimctric  methods.  Calculation 
ot  the  activation  energy  and  exponent  A  for  the  reaction  of  ketone  formation  was  carried  out  for  the  oxides 
mentioned. 

2.  It  was  shown  that  with  increased  basicity  of  the  oxides  or  carbonates  both  the  energy  of  activation  and 
the  exponent  A  of  the  reaction  increased.  The  value  for  the  activation  energy  for  the  reaction  of  the  oxides  of 
the  alkaline  earth  metals  and  the  carbonates  of  Zn  and  Cd  was  estimated  on  the  basis  of  theoretical  ideas. 

3.  The  formation  of  an  active  intcrmcdiatQ  four  rnembered  complex  was  suggested  and  on  this  idea 

the  difference  in  activation  energy  between  oxides  and  carbonates  was  explained.  A  connection  was  shown  be¬ 
tween  the  covalency  of  the  Me-O  bond  in  the  intermediate  complex  and  the  activation  energy  of  the  ketone 
formation  process. 
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From  the  point  of  view  of  the  theory  of  predominance  at  the  interface  between  the  phases  the  composition 
should  reflect  preferably  the  interaction  of  the  components  of  the  predominant  binary  system.  This  idea  is  experi¬ 
mentally  confirmed  in  a  study  of  the  state  of  the  interface  of  a  two  phase  liquid  in  a  three  component  system. 
Hence  it  can  be  assumed  that  this  is  also  correct  for  the  surfaces  in  a  tliree  phase  state  in  a  four  component 
system  which  consists  of  one  predominant  binary  system. 


D 


D 


Fig.  1.  Two  cases  of  the  diagram  of  state  of  the  system  (explanation 
in  text). 


We  have  studied  this  question  for  the  case  in  which  the  predominant  system  includes  a  chemical  compound. 

First  we  consider  the  question  theoretically. 

We  can  assume  at  least  two  cases  of  the  diagram  of  state  for  the  system  which  we  arc  discussing,  connected 
with  the  relative  reciprocal  solubilities  of  the  nhases  in  the  three  phase  state,  at  a  quasi -ternary  section  of  the 
tetrahedron,  and  in  the  two  bounding  ternary  systems  which  comprise  this  state.  One  of  these  should  reflect  the 
minimum  and  the  otlicr  the  maximiun  reciprocal  solubility.  Figs,  la  and  lb  illustrate  these.  In  the  first  case* 
the  tlircc  phase  state  in  the  form  of  a  critical  node,  with  corresponding  change  in  temperature,  first  arises  on  the 
planes  ACD  and  BCD  (in  Fig.  la  one  of  these  is  shown).  In  the  second  case,  on  the  other  hand,  the  critical  node 
first  arises  on  the  quasi-ternary  section  CVD  (lig,  lb). 
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Corresponding  to  this  there  will  also  be  found  the  diagram  of  release  from  the  three  phase  state  on  the 
section  of  the  tetrahedron  passing  through  line  CD,  and  the  different  points  on  line  AB  which  correspond  to  the 
predominant  system  (they  are  shown  in  Fig.  2  a  and  2  b),  and  also  the  sections  of  the  tetrahedron  parallel  to 
plane  ABC.  The  latte,  are  given  in  Figs.  3  a  and  3  b. 


a  b 

Fig.  2.  Extremes  in  the  temperature  diagrams  corre¬ 
sponding  to  the  chemical  compound. 


Fig.  3.  Extreme  points  on  the  curves  of  isothermal  sections. 

As  is  evident,  on  the  temperature  diagrams  the  presence  of  a  chemical  compound  should  be  .shown  by 
extremes  (maximaor  minima),  and  on  the  isothermal  sections  by  extreme  points  on  the  curves  which  map  out  the 
field  of  the  three  phase  state. 

We  observe  that  such  equilibria  are  met  in  practice  in  different  variations  of  these  cases  which  depend  on 
the  absence  of  a  three  phase  state  on  the  quasi-ternary  section  in  the  first  of  them,  and  the  absence  of  this  state 
in  one  or  even  both  ternary  bounding  systems  in  the  second. 

Experimentally  we  have  studied  the  equilibrium  of  three  liquid  phases  in  the  four  component  system  sulfur- 
water-phenol-pyridine. 


"EXPERIMENTAL 

All  four  ternary  bounding  systems  have  equilibrium  regions  of  two  liquid  phases.  Of  these  only  one  ternary 
system,  water-sulfur-phenol,  has  an  equilibrium  region  of  three  liquid  phases  [1).  The  predominant  binary  system 
is  the  phenol-pyridine  system. 

The  polythermal  method  of  Alekseev  was  used  to  study  the  equilibrium  of  the  three  liquid  phases  for  the 
section  of  the  polyhedron  with  composition  answering  to  20  weight  %  sulfur  in  its  section  running  through  the 
line  water-sulfur  and  a  series  of  points  on  the  line  phenol -pyridine  with  ratios  of  the  latter  (by  weight):  9:1, 

4:1,  7:3,  5.5:4.5,  4.5:5.5,  and  3:7.  In  the  study  we  observed  the  temperature  of  transformation  of  the  two  phase 
state  of  the  complex  taken  to  the  three  phase.  The  experimental  data  are  given  in  the  table  and  expressed  graphi¬ 
cally  in  Fig.  4.  For  each  polytheim  of  one  or  another  section  we  determined  from  its  graph  the  maximum  temper¬ 
ature  of  formation  of  three  liquid  phases.  On  the  basis  of  these  data  we  constructed  the  functioual  curve  of 
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dependence  of  ninximiirn  temperature  of  formation  of  three  liquid  phases  on  the  state  of  the  binary  predominant 
system  (I'ig.  5).  The  polythcrmal  curve  sections  were  used  to  construct  the  isotherms  corresponding  to  115,  130, 
IdO,  and  145*.  The  isotlicrms  arc  sliown  graphically  in  Fig.  6,  ‘ 


Weight  ‘^opyridine  and  phenol  in  the  mixture  (without  sulfur) 

Fig.  4.  Poly  thermal  sections  of  the  system  water-sulfur-phenol 
pyridine. 


Fig.  5.  Dependence  of  maximum 
temperature  of  formation  of  three 
liquid  phases  on  composition  of 
binary  predominant  system. 


Fig.  6.  Isotherms  of  equilibrium  of  three 
liquid  phases  in  the  mixture  water-sulfur- 
phenol -pyridine  which  contains  20  weight‘d 
sulfur. 
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Equilibrium  of  Three  Liquid  Ptiases  in  the  Four  Component  System  Pyridine-Phenol- Water 
Sulfur  (Section  20  Weight  ^  Sulfur) 
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DISCUSSION  OF  RESULTS 


From  the  experimental  data  which  we  obtained  and  the  graphs  which  we  constructed  on  this  basis  it  can 
be  clearly  seen  that  our  ideas  are  fully  confirmed.  The  curve  of  temperature  of  formation  of  the  three  liquid 
phases  has  a  maximum  (149")  which  corresponds  to  the  section  passing  through  a  composition  of  the  chemical 
compound  between  CeHjOH’CsHjN  (54.3  weight  <7<>  phenol).  This  extreme  is  much  higher  than  the  temperature 
of  formation  of  three  liquid  phases  in  the  ternary  system  water-sulfur-phenol  (71*).  All  the  isotherms  at  temper¬ 
atures  above  71*  have  the  characteristic  form  of  closed  concenuic  curves  drawn  on  the  section  water-phenol- 
pyridine  and  are  analogous  to  the  isotherms  of  the  two  phase  state  of  the  three  component  system  water-phenol- 
pyridine. 

We  note  that  the  temperature  of  formation  of  the  three  liquid  phases  in  the  section  (149*)  corresponding 
to  a  chemical  compound  of  the  above  mentioned  composition  exceeds  the  temperature  of  formation  of  two  liquid 
phases  (144*)  in  the  quasi -binary  section  of  the  ternary  system  water-phenol-pyridine.  This  shows  that  in  the 
beginning,  with  fall  in  temperature  the  three  phase  state,  in  the  form  of  a  critical  node  with  a  critical  point 
turned  to  the  plane  of  the  ternary  system  water-phenol-pyridine,  is  found  in  the  tetrahedron  on  its  quasi-ternary 
section  at  a  temperature  at  which  there  is  still  no  formation  of  two  liquid  phases  in  the  quasi- binary  section. 


SUMMARY 

1.  We  have  studied  the  spacial  contour  of  the  three  liquid  phases  in  the  section  with  20  weight  <7o  sulfur 
for  the  four  component  system  water-phenol-pyridine -sulfur  at  a  number  of  temperatures.  We  have  shown  re¬ 
flected  here  the  reaction  of  the  components  of  the  binary  predominant  system  phenol-pyridine. 

2.  We  have  shown  the  corresponding  ability  to  form  three  liquid  phases  in  the  ternary  system  and  in  the 
quasi -ternary  section  of  the  four  component  system  for  the  case  where  the  temperature  curve  of  formation  of 
the  three  liquid  phases  has  a  maximum. 
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Citrates,  which  are  present  in  small  amounts  in  the  soil,  have  an  important  physicochemical  role  in 
stabilizing  the  colloidal  particles  of  mineral  and  organic  origin  in  the  soil.  This  improves  the  absorptive  power 
of  the  soil,  which  depends  chiefly  on  its  content  of  colloidal  particles  of  organo-mineral  origin.  It  is  known 
that  the  finest  colloidal  particles  are  the  most  valuable  for  nutrition,  since  the  substances  needed  for  plants  are 
most  easily  dissolved  from  them  by  water.  On  the  basis  of  these  considerations  we  have  proposed  a  series  of 
investigations  on  reciprocal  solubilities  in  an  aqueous  medium  of  lithium,  ammonium,  potassium  and  calcium 
ciuates,  that  is,  those  substances  which  play  an  important  part  in  the  growth  of  plants.  Judging  from  the  liter¬ 
ature  data,  this  is  the  first  study  of  the  problem. 


EXPERIMENTAL 


As  starting  substances  we  used  C,  P.  salts.  The  study  was  carried  out  by  the  visual  polythermal  method 
on  the  appearance  of  the  first  crystals  of  ice,  since  the  crystallization  of  the  other  components  could  not  be 
observed  due  to  formation  of  amorphous  mixtures.  Hysteresis  between  the  appearance  of  the  first  crystals  and 
the  disappearance  of  the  last  was  observed  within  the  limits  0.1-0.2*.  The  observations  were  made  in  glass 
tubes  with  a  glass  stirrer  and  thermometer  with  an  accuracy  to  0.1*.  During  the  study  we  noted  that  lithium 
and  ammonium  citrates  gave  amorphous  viscous  masses  in  whose  composition  there  evidently  occurred  solid 
solutions  of  the  type  mC5H707Li*nC5H707NH4, 


Diagram  of  state  for  the  ternary  system  C5H707Li- 
C6H7O7NH4-H2O. 


We  studied  the  system  from  the  moment  of  ap¬ 
pearance  of  the  amorphous  mass  to  full  freezing  of  the 
system.  In  all  we  studied  six  sections,  starting  from  the 
point  corresponding  to  water. 

In  Order  to  shorten  the  report,  the  numerical  data 
and  figures  for  the  inner  sections,  which  are  not  charac¬ 
teristic,  have  been  omitted.  The  eutectic  of  the  system 
C5H7O7LI-H2O  contains  35.5°!o  C6H707Li  and  has  a  m.  p. 
-11.5*;  thceutectic  for  the  system  C5H7O7NH4-H2O  con¬ 
tains  46%  C5H7O7NH4  and  melts  at  -6.2*. 

On  the  basis  of  these  results  we  have  constructed 
the  diagram  of  state  for  the  system,  which  shows  the 
fields  of  crystallization  of  water  and  the  solid  solutions 
which  we  have  established  for  the  two  citrates  (figure). 
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SUMMARY 

We  have  studied  the  system  C5H707Ll-C5H;07NH4-H20  from  0*  to  cjprnplcte  freezing.  We  find  In  the 
system  the  formation  of  solid  solutions. 
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THE  SOLVATION  OF  THE  FERRICENIUM  ION 


A.  V.  Sivitskll 

Moscow  Institute  of  Fine  Chemical  Technology 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  10, 
pp,  3167-3171,  October,  1960 
Original  article  submitted  December  7,  1959 

In  a  previous  communication  [1]  on  the  basis  of  ideas  of  the  mechanism  of  oxidation  of  ferrocene  by  iodine, 
we  have  suggested  that  the  energy  of  solvation  of  the  fcrricenium  ion  should  be  comparatively  high.  In  order  to 
test  this  suggestion,  we  report  in  the  present  paper  a  spectrophotometric  study  of  the  equilibrium  Fn'^-^I2  =Fn'*'+ 

■f  Ij'  •  In  alcohol  at  different  temperatures  in  the  range  15-45*.  Knowing  the  heat  effect  of  this  reaction,  we 
can  calculate  the  energy  of  solvation  of  the  ferricenium  ion  from  the  corresponding  cyclic  process. 

METHODS  AND  RESULTS 

A  sample  of  iodine  and  the  ferrocene  solution  were  placed  in  a  thermostatically  controlled  cuvette  (d  1.00 
cm).  The  spectrum  of  the  solution  was  recorded  in  the  region  of  absorption  by  the  ferricenium  ion  (580-660  m/i) 
on  a  two  beam  SF2M  spectrophotometer.  The  time  of  reaching  equilibrium  in  the  experiments  did  not  exceed 
30  minutes. 

The  initial  ferrocene  concentration  was  so  set  that 
the  iodideoccurred  in  the  form  of  triiodide  and  the  ion 
of  the  latter  was  not  especially  associated  with  the 
ferricenium  ion.  The  experiments  were  carried  out 
with  some  excess  of  iodine  and  at  ferrocene  concen¬ 
trations  from  2.5*10*^  to  10*’  and  iodine  from  10*®  to 
1.2*10‘’  mole*liter*^.  Under  equilibrium  conditions 

3 

the  ionic  strength  of  the  solution  did  not  exceed  10 
mole ‘liter**.  Therefore  in  calculating  the  equilibrium 
constant  it  was  possible  with  a  sufficient  degree  of 
accuracy  to  take  the  activity  coefficient  for  ferrocene 
and  iodine  as  unity,  and  the  activity  coefficient  of  the 
ions  was  calculated  by  the  Debye  limiting  law. 

If  the  reaction  Fn+  Ij  =Fn'’’+  I3"  is  not  complicated 
by  side  reactions  and  the  Lambert-Beer  law  is  obeyed 
for  all  the  molecules  and  ions  present,  then  the  relation 
between  the  optical  density  of  the  solution  Do©  at  equi¬ 
librium  and  the  initial  concentrations  [Fnlg  and  [I^jo 
Is  given  by  the  equation 

IFnlo  (^00  “  -Do)-*  =  At-i  +  A'->Ai-2y2  (D^  -  Dg)  (I  J"’'* . 

•Fn  means  (C5H5)jFe. 


Determination  of  equilibrium  constant  for  the  re¬ 
action  Fn+  I  I2  -Fn+4  Ij"  in  alcohol  (0.25 water), 
616  m/i;  layer  1  cm,  1)  15*.  2)  25*,  3)  35*, 

4)  45*. 
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where:  D(rC  Ac=cp„+Cj-  ’£1:^*  2  ^l2*  K  is  the  equilibrium  cotistant,  y  the  activity  coefficient 

for  the  singly  cliar^’cd  ion,  e  ihe  absorpti'ljn  coefficient  for  the  rriolcculcs  or  ions,  [Ij]  the  iodine  concentration 
at  equilibrium,  which  differs  little  from  [Izlo  if  the  iodine  is  in  excess. 

This  equation  shows  that  between  [rn]g(l)  00  ■  IV'^ind  yhu  00  “  there  should  be  a  linear  relation. 

In  order  to  determine  Ac  and  K  usinj;  this  equation  it  is  necessary  to  know  the  values  ofy  and  [I2].  The  latter 
were  found  by  the  method  of  successive  approximations.  In  this  calculation  the  initial  values  were  y=l  and 
[I2I  =  [l2}<c  Itt  later  approximations  y  and  [I2I  were  found  by  the  relationship  [Fn'’']=  A  c  Do^'Dq).  The  figure 
shows  the  relation  after  a  scries  of  approximations  when  the  given  and  obtained  values  of  A  c  agree. 


TABLE  1 

Values  of  K  and  Ac  for  Different  Temperatures  at  X  616  m/i;  solvent, 
ethyl  alcohol  (0.25^9  water) 


Temperature 

A  c  (cm"^ . 
•mole'^*  liter) 

K,mole'’/2 .  liter’4 

Number  of 
experiments 

ir».0‘> 

546 

3.75 

7 

25.0 

.531 

3.15 

22 

35.0 

533 

2.32 

5 

45.0 

547 

1.53 

4 

TABLE  2 

Thermodynamic  Data  for  Reaction  Fn  +  1 12  =Fn++  Is'  in  Alcohol 
at  25* 


Percent  water 

in  alcohol 

All*(kcal*mole'^)  j 

AS“(e.  u.) 

AF“(kcal*mole'*) 

0.25 

3.5 

-5.5 

-5.5 

-16 
—  14 

-0.675 

—1.37 

In  Table  1  we  give  the  values  for  Ac  and  K  for  different  temperatures  found  by  AH®,  AS®,  AF®  for  the 
reaction  (Table  2). 

From  the  values  obtained  for  Ac  for  different  wavelengths  we  determined  the  absorption  coefficients  for 
the  ferricenium  ion  (Table  3). 

DISCUSSION  OF  RESULTS 

For  finding  the  solvation  energy  of  the  ferricenium  ion  we  consider  the  cyclic  process: 

Fnj»-g)+e=Fn(g)+l 

Fn(g)=Fn(joiid)^  ^Fn 

‘■"(solid)=Fn^^j^j+qpn 

2l2(solid)“2l2(alc) 

Fn(alc)  +  il2(alc)  =  ^"falc)  +  *3(alc)  +  Q 
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*^alc)  =  '^aCalc)  +  *(alc)  +  Oo 
^"(g)  ^  He)  ""  '""(ale)  +  I(alc)  +  . 


TABLE  3 

Absorption  Spectra  In  Alcohol  (0,25%  water)  at  25* 


X  (mil) 

*1. 

^p„(cm"^  X 

X  mole“*«  1) 

*l3 

*Fn+ 

580 

384 

47.8 

0.8 

80 

377 

600 

4H5 

32.3 

0.6 

53 

4Hl 

616 

531 

23.8 

0.5 

35 

532 

620 

527 

22.0 

0.5 

32 

529 

640 

241 

14.8 

0.4 

18 

246 

660 

51 

9.8 

0.4 

10 

56 

TABLE  4 

Sum  of  Solvation  Energies  of  Cation  M'*'  and  Anion  l’  In  Ethyl  Alcohol 


M+ 

Na+ 

K+ 

Rb+ 

C8<- 

rn+ 

(CH,).N+ 

(C,H,).N  + 

199 

170 

162 

147*  • 

137** 

129 

100 

90 

(kcal  ‘mole"*) 

Ionic  radius  (A) 

O.GO 

0.95 

1.33 

1.48 

1.G9 

— 

3.00 

3.63 

In  the  calculations  we  used  the  following  values  (in  kcal*mole’^):  I  =162.5[2],  E=74.6[^,  Xpjj=19.9[^, 
D=36.0[5],  Xj  =14.8[^,  qp^=-5.0,*  q,=-1.65[6],  0(r-3.6[7]  for  the  reaction  in  water.  The  value  for  Oq  for 
alcohol  coulcf  differ  from  the  value  for  water,  evidently,  by  not  more  than  2  kcal*mole"^.  The  sum  of  the 
solvation  energies  of  ions  of  ferricenium  and  iodide  LpQ++Lj-  is  about  129  kcal*mole'^.  This  value  in  Table 
4  is  compared  with  the  sum  of  tlie  solvation  energies  Lj^+  +  ^-  for  other  cations  M+, 

From  the  relation  of  solvation  energy  to  ionic  radius  (Table  4)  we  can  determine  the  effective  solvation 
radius  of  the  ferricenium  ion  which  is  equal  to  about  2  A,  In  the  electrically  neutral  ferrocene  molecule  the 
distance  Fe-C  is  2.04  A;  in  the  ion  this  distance  can  be  somewhat  less.  The  comparatively  small  value  for  the 
solvation  radius  and  the  large  solvation  energy  can  be  understood  if  we  assume  that  the  positive  charge  of  the 
ion  is  chiefly  concentrated  on  the  atom  of  iron. 

The  oxidation  of  ferrocene  by  iodine  is  of  Interest  as  an  ionic  equilibrium  in  a  nonaqueous  medium. 
Approximate  calculations  [8]  based  only  on  calculation  of  the  electrostatic  interaction  of  the  ions  with  the 
medium  show  that  with  decreased  dielectric  permeability  of  the  medium  the  entropy  of  solvation  of  the  ions 
should  assume  a  more  negative  value.  This  conclusion  is  confirmed  by  comparison  of  the  data  on  dissociation 
of  tetrabutylammonium  picratc  in  chlorobenzene  [9]  (AS®=20  e.u)  and  the  base  of  Malachite  green  in  water 
[10]  (AS  =+4  e.  u.).  Thus  the  negative  value  of  AS°  (Table  2)  is  not  unexpected.  The  relation  of  solvation 
entropy  of  the  ion  to  dielectric  permeability  of  the  medium  also  agrees  with  our  data  on  equilibrium  in  alcohol 
with  different  water  contents.  As  the  data  of  Tabic  2  show,  lowering  the  water  concentration  leads  to  a  decreased 
AS  of  the  reaction. 


•Private  communication  from  O.  M.  Gaissinskaya  and  V.  A.  Sokolov. 

•  •Values  for  methyl  alcohol.  The  sum  of  solvation  energies  for  other  ions  in  methyl  and  ethyl  alcohols  are 
very  close  to  each  other. 
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The  author  expresses  thanks  to  Ya,  K,  Syrkin  for  aid  In  this  work, 

SUMMARY* 

1.  We  have  determined  the  equilibrium  constants  for  the  reaction  of  oxidation  of  ferrocene  by  iodine  In 
ethvl  alcohol  at  15,  25,  35,  and  45*.  We  have  calculated  values  for  All®  and  AS®  ;  AU®=-5.5  kcal*ttiole‘*  and 
AS®=-lGe.  u. 

2,  We  have  showed  that  the  solvation  energy  of  the  ferricenium  ion  has  a  relatively  large  value. 
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The  process  of  formation  of  crotonaldehyde  by  condensation  of  acetaldehyde  with  splitting  out  of  water 
can  be  reversed  in  one  step  over  a  solid  catalyst  in  the  gas  phase.  Approximate  thermodynamic  calculations 
of  the  reaction  of  crotonizition  of  acetaldehyde  carried  out  with  account  of  the  dilution  of  the  starting  aldehyde 
by  water  showed  that  increase  in  temperature  and  decrease  in  dilution  of  acetaldehyde  by  water  should  aid  in 
the  formation  of  crotonaldehyde  [1],  However,  even  at  200-400*  and  the  absence  of  dilution  according  to  data 
of  the  approximate  thermodynamic  calculations  the  equilibrium  of  the  reaction  is  not  absolutely  shifted  to  the 
side  of  formation  of  crotonaldehyde;  from  1  mole  of  taken  acetaldehyde  by  this  conversion  there  results  0.74 
mole  at  500*  and  0.85  mole  at  700*  K. 

The  reversibility  of  the  crotonization  reaction  of  acetaldehyde  probably  goes  by  analogy  with  the  liter¬ 
ature  report  on  the  conversion  of  mesityl  oxide  with  water  (up  to  into  diacetone  alcohol  and  acetone  over 
aluminum  oxide  and  silica  gel  at  300*  [2].  We  can  assume  that  the  first  product  of  catalytic  hydration  of 
crotonaldehyde  should  be  acetaldol  which  would  then  depolymerize  to  acetaldehyde. 

CH3-CH=CH-CHOfH2CX:H3-CHOH-CH2-CHO 

CH3-CHOH-CH2-CHO4CH3-CHO. 

We  have  studied  the  possibility  of  the  reversible  reaction  of  crotonization  of  acetaldehyde  using  the  S.  V. 
Lebedev  catalyst,  and  also  its  dehydrogenating  and  dehydrating  components.  As  a  result  of  these  experiments 
we  have  established  that  crotonaldehyde  with  water  (1  ;  6,  in  moles)  over  the  S.  V.  Lebedev  catalyst  at  365* 
forms  acetaldehyde  with  yields  up  to  6  weight  °Jo,  calculated  on  the  crotonaldehyde  passed.  Control  experiments 
In  which  crotonaldehyde  was  submitted  to  conversion  in  the  absence  of  water  did  not  lead  to  formation  of 
acetaldehyde. 

In  order  to  make  more  exact  our  understanding  of  the  function  of  the  components  of  the  catalyst  in  the 
reversible  reaction  of  crotonization  of  acetaldehyde,  analogous  experiments  were  carried  out  on  the  dehydroge¬ 
nation  and  dehydration  with  the  components  of  the  S.  V.  Lebedev  catalyst.  It  was  shown  that  crotonaldehyde 
forms  acetaldehyde  with  water  only  over  the  dehydrating  component  of  the  catalyst. 

The  assumption  of  the  depolymerization  of  acetaldol  formed  in  the  intermediate  step  in  the  hydration  of 
crotonaldehyde  was  confirmed  by  experiments  on  direct  transformation  of  acetaldol  into  acetaldehyde  over 
the  S.  V,  Lebedev  catalyst  and  its  dehydrating  component  at  365*,  both  in  the  presence  of  water  and  without  it. 

2CH3-CHOCH3-CHOH-CH2-CiI(X;H3-CH=CH-CliafH20 

The  reversible  reaction  of  crotonization  of  acetaldehyde  which  takes  place  with  the  dehydrating  component 
of  the  S,  V,  I>cbcdev  catalyst  can  te  explained  by  the  assumption  of  the  scheme  of  formation  of  methyl  alcohol 
in  the  catalytic  process  of  preparing  divinyl  from  alcohol.  The  formation  of  methyl  alcohol  in  the  S,  V.  Lebedev 
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process  Is  considered  ns  occurring  with  decomposition  of  1,3-butancdiol  with  formntion  of  formaldehyde  which 
is  reduced  because  of  the  hydrogen  of  the  alcohol  groups.  The  intermediate  product  of  propylene  decomposition 
of  1,3-butancdiol  is  allyl  carbinol  (3,  4], 

CH3-Cli0li-C:il2-Cll20H--'Zne=CM-CM2-CH2011-*CH3-Cll=ClfyfHCH0 

11CH02H->CH30H 

The  experiments  carried  out  in  the  present  work  confirm  the  possibility  of  hydration  of  crotonaldehyde 
into  acetaldol  which  can  thus,  under  the  conditions  of  tlie  S.  V.  Lebedev  process,  lead  to  an  increased  concen¬ 
tration  of  acetaldol,  also  formed  by  direct  condensation  of  acetaldehyde.  A  rather  stnall  part  of  the  acetaldol 
under  tlie  influence  of  the  liydrogcn  of  the  alcoholic  groups  will  further  be  reduced  to  1,3-butanediol. 

CH3-CHOIl-Cf!2-CHC>— ^H3-CH0ll-CH2-CH20H 

As  special  experiments  showed  [3,  4]  the  addition  of  acetaldol  and  crotonaldehyde  to  ethyl  alcohol  under 
the  conditions  of  the  S.  V.  Lebedev  process  causes  approximately  the  same  increase  in  yield  of  methyl  alcohol 
as  in  the  experiments  with  addition  of  1,3-butancdiol  to  ethyl  alcohol.  Thus,  the  reaction  of  hydration  of  cro- 
tonaldehyde  can  be  considered  as  one  of  the  initial  steps  in  the  formation  of  methyl  alcohol  in  the  S,  V,  Lebedev 
process. 


EXPERIMENTAL 

Acetaldol  was  prepared  by  condensation  of  acetaldehyde  in  the  presence  of  3%  aqueous  alkali  [5],  b..p, 

74-76*  (13-14  mm).  Crotonaldehyde  was  obtained  by  dehydrations  of  acetaldol  with  orthophosphoric  acid  [6], 

B.  p.  101-102*,  d^^®  0.8553,  n^^®  1.4354.  According  to  the  literature,  b.  p.  101.3-102*,  nj)^®  1.4356  (7), 

In  the  resulting  product  the  content  of  crotonaldehyde,  determined  by  analysis  for  unsaturation  by  the 
bromide -bromate  method  was  OS.d^o;  by  analysis  for  the  aldehyde  group  by  the  hydroxylamine  method  it  was 
oo.d*;*. 

The  experiments  were  carried  out  in  a  catalytic  apparatus  of  the  continuous  flow  type.  A  quartz  tube 
(length  1  meter,  diameter  35  mm)  was  placed  in  a  furnace  at  a  slope  to  the  plane  of  the  table.  In  the  tube 
at  a  temperature  plateau  (±2*)  was  placed  130  ml  of  catalyst.  Crotonaldehyde  and  water  were  supplied  from 
two  burets.  Acetaldol  was  mixed  with  water  at  definite  ratios  and  the  water  solution  was  supplied  from  one 
buret.  The  temperature  was  measured  with  a  chromcl-copci  thermocouple  connected  to  a  recording  potenti¬ 
ometer  EPP-09.  The  products  of  the  contact  reaction  were  passed  through  a  condenser  and  a  Lunge  flask  filled 
with  a  solution  of  hydroxylamine  hydrochloride  to  collect  the  uncondensed  acetaldehyde,  and  were  collected 
in  a  gasometer  over  a  saturated  solution  of  common  salt. 

We  used  the  S.  V.  Lebedev  catalyst  and  its  dehydrogenating  and  dehydrating  components  [8].  Activation 
of  the  catalyst  was  carried  out  for  six  hours  at  500-550*  with  passage  of  air.  Regeneration  of  the  catalyst  was 
carried  out  at  490-500*  in  a  stream  of  air  to  full  burning  off  of  carbon  from  the  surface  of  contact.  Since  in  the 
experiments  with  acetaldol  the  catalyst  was  very  heavily  carbonized,  the  time  of  regeneration  was  up  to  six  hours. 
The  conditions  and  results  of  the  experiments  are  given  in  the  table. 

In  all  the  experiments  the  volume  of  gaseous  products  was  small,  and  gas  analysis  was  not  carried  out. 
Calculation  of  acetaldehyde  in  the  reaction  product  was  carried  out  by  the  hydroxylamine  method  with  summation 
of  the  content  of  acetaldehyde  determined  in  the  liquid  contact  products  and  in  the  uncondensed  gaseous  products 
by  analysis  of  the  contents  of  the  Lunge  flask.  The  latter  removed  about  10‘5'«  of  the  acetaldehyde  formed. 

The  receiver  with  the  liquid  products  was  disconnected  from  the  catalytic  apparattis  and  the  substances 
boiling  up  to  24*  were  carefully  distilled  from  it.  The  distillate  taken  as  acetaldehyde  was  weighed  and  charac¬ 
terized  by  derivatives.  In  experiments  1-3  this  was  with  dimedon,  in  experiment  6  with  2,4-dinitrophenylhydrazine, 
The  derivative  with  dimedon  had  m.  p.  138*,  anliydro  form  173*;  the  dinitrophenylhydrazone  had  m.  p.  166*, 
According  to  the  literature  [9]  the  dimedon  derivative  of  acetaldehyde  has  m.  p,  140*,  the  anliydro  form  174*, 
the  2,4-dinitrophenylhydrazone,  168*. 

For  the  2,4 -dinitrophenylhydrazone  of  acetaldehyde  we  found  N  24.87;  CjUgOjN^.calculated  ‘7<»;  N  24,99. 

We  express  thanks  to  Yu.  A.  Gorin  for  valuable  advice  in  carrying  out  our  work. 
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Passed  (in  g) 

Yield  of 

Expt. 

No.' 

Catalyst 

Experimental 

temperature 

Dilution 
with  water 
(moles) 

Start¬ 
ing  sub¬ 
stance 

Water 

Acetaldehyde 
obtained 
(iQ  g) 

acetaldehyde 
on  substance 
passed  (in  weight 

1 

S.  V,  Lebedev 

265*  • 

1  :  6 

50.0 

77.0 

0.92 

1.8 

2 

S.  V.  Lebedev 

365 

1 :  6 

35.0 

54.0 

2.11 

6.0 

3 

S. V.  Lebedev 

365 

1 :  12 

25.7 

80.0 

1.17 

4.6 

4 

S,  V,  Lebedev 

365 

- 

33.0 

- 

- 

- 

6 

Dehydrogenating 

component 

365 

1 :  6 

36.0 

54.5 

6 

Dehydrating 

component 

365 

1  :  6 

20.5 

31.6 

0.42 

2.0 

7 

S.  V,  Lebedev 

365 

1 ;  6 

44.0 

52.8 

1.60 

3.6 

8 

S.  V,  Lebedev 

365 

- 

39.7 

- 

4.46 

11.2 

9 

Dehydrating 

component 

365 

40.9 

4.71 

11.5 

Note;  In  experiments  1-6  the  starting  substance  was  crotonaldehyde;  in  experiments  7-9,  acetaldol.  The 
rate  of  supplying  the  starting  substance  in  all  experiments  was  0.23  ml/ hour/ ml  of  catalyst. 


SUMMARY 

1.  We  have  shown  the  possibility  of  a  reversible  reaction  of  crotonization  of  acetaldehyde  over  the  S.  V. 
Lebedev  catalyst  under  the  influence  of  its  dehydrating  component, 

2.  This  process  occurs  in  intermediate  stages  through  hydration  of  crotonaldehyde  into  acetaldol  and 
depolymerization  of  the  latter. 
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In  a  series  of  previous  studies  [1]  we  have  made  a  detailed  investigation  of  the  reaction  of  aromatic  a- 
mines  with  esters  of  6 -mono  and  0 -disubstituted  glycidic  acids  and  have  explained  the  regularities  of  this  reaction. 
This  present  work  has  thrown  light  on  the  still  untouched  question  of  the  study  of  the  rules  for  opening  oxide  rings 
in  esters  of  a-suhstituted  glycidic  acids.  As  the  object  of  study  we  have  chosen  the  simplest  example  of  this 
group  of  compounds,  methyl  a-methylglycidate.  It  must  be  said  that  suitable  methods  for  the  synthesis  of  this 
compound  do  not  exist.  The  Darzens  reaction  is  not  very  useful  here,  since  separation  of  the  producjs  after  tun¬ 
ning  the  reaction  is  very  difficult.  We  obtained  the  starting  glycidic  ester  by  two  methods;  through  the  hydroxy- 
bromo  acid  and  by  oxidation  of  methyl  methacrylate  with  benzoyl  hydroperoxide.  In  the  first  method  the  re¬ 
action  was  carried  out  by  reaction  of  methyl  methacrylate  with  N-bromoacetamide  in  acid  medium,  as  a  result 
of  which  we  obtained  in  satisfactory  yield  methyl  a-bromo-0 -hydroxy- a-methylpropionate,  which  then  by  the 
action  of  dry  sodium  methylate  was  converted  to  the  glycidic  ester. 

Oxidation  of  methyl  methacrylate  by  benzoyl  hydroperoxide  was  carried  out  by  the  usual  method,  as  often 
described  for  use  with  various  unsaturated  compounds.  It  is  necessary  to  note,  however,  that  the  yield  of  glycidic 
ester  in  this  case  is  low. 


We  carried  out  the  reaction  of  methyl  a-methylglycidate  with  five  aromatic  amines;  aniline,  o-  and  g- 
toluidines,  mesitylamine,  and  0 -naphthylamine.  The  reaction  was  run  by  heating  the  components  in  toluene 
solution,  boiling  the  mixture  for  several  hours.  Only  with  mesitylamine  did  we  carry  out  the  reaction  in  a  sealed 
tube  at  180".  The  reaction  with  the  glycidic  ester  goes  more  easily  than  with  esters  of  disubstituted  glycidic  acids 
which  is  evidently  because  of  the  lower  spacial  hindrance  occurring  during  the  reaction. 


All  of  the  compounds  which  were  obtained  were  split  by  heating  with  concentrated  sulfuric  acid  at  a  temper¬ 
ature  of  80-120*  with  evolution  of  carbon  monoxide  which  was  identified  by  qualitative  reaction  with  palladium 
chloride  [2],  and  also,  for  the  reaction  products  of  the  glycidic  ester  with  aniline,  o-toluidine  and  mesitylamine 
we  carried  out  a  quantitative  determination  of  the  carbon  monoxide  evolved  in  the  reaction. 


On  this  basis,  that  under  the  influence  of  sulfuric  acid  the  reaction  products  split  with  evolution  of  carbon 
monoxide,  we  can  conclude  that  aromatic  atnines  open  the  oxide  ring  of  methyl  a-mcthylglycidatc  on  the  side 
of  the  0 -carbon  atom,  as  a  result  of  which  i.  ere  is  formed  the  methyl  ester  of  a-mcthyl-a-hydroxy-3-arylamino- 
propionic  acid. 

CII3  .  CII3 


C1I2 — c-cooc:i3  -\-  HjNR 


RN11-C1I2-C-COOC1I3 

I 

on 


KNil, 


C.IUNH,;  o-Cn,C,It,NlI,;  p-CH,C,n.Nlt,;  2.4.6-(CH,hC,II,NII,; 
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Quaotit^tivc  determination  of  carbon  monoxide  showed  that  the  hydroxyarylamino  acid  obtained  in  the 
reaction  is  not  a  mixture  of  two  possible  isomers,  but  is  one  form.  Final  evidence  for  the  correctness  of  the  above 
formula  can  be  obtained  by  isolating  the  second  portion  of  the  molecule,  which  should  be  either  the  corresponding 
amino  ketone  or  the  product  of  its  further  transformation,  a  compound  with  an  indole  structure. 


CII3 

C,ll.sNII-CIIa-(LcOOCll3  — ^ 

I 

OH 

Clis 


CH2-C=0 

•  t 

HN  II—' 


N^\ 


CII3 

CcIlsNII-ClIa-C-COOll 

"  I  ~(ca+ 

011 


In  our  earlier  work,  devoted  to  a  study  of  fi-disubstituted  0-arylamino*a-hydroxy  acids,  in  the  analogous 
reaction  the  intermediate  carbonyl  form,  wiiich  is  the  corresponding  amino  aldehyde,  was  not  separated,  since 
the  reaction  went  further  to  the  formation  of  compounds  with  an  indole  structure.  In  the  decomposition  of  the 
methyl  ester  of  fl-anilino-a-hydroxy-a*methylpropionic  acid  we  should  obtain  fl-methylindole.  This  compound, 
as  Is  known,  has  a  strong  fecal  odor.  However,  the  crystalline  compound  which  we  isolated  did  not  have  an  un¬ 
pleasant  odor  and  melted  at  75*,  while  fi-methylindole  melts  at  95*.  A  mixed  sample  with  known  synthetic  6- 
methylindole  showed  a  strong  depression  of  the  melting  point.  We  also  observed  that  3-methylindole  in  strong 
sulfuric  acid  with  heat  gives  a  dark  violet  color,  while  in  the  decomposition  of  methyl  6-anilino-a-hydroxy- 
a-methylpropionate  with  concentrated  sulfuric  acid  such  a  color  docs  not  occur.  Thus  it  was  shown  that  as  a 
result  of  the  reaction  there  was  obtained  not  3-methylindole,  but  an  amino  ketone,  anilinoacetone,  which  was 
confirmed  by  analysis  for  nitrogen;  and  also  with  2,4-dinitrophcnylhydrazine  we  obtained  the  hydrazone. 

For  final  proof  that  we  had  obtained  anilinoacetone  we  synthesized  its  known  2,4-dinitrophenylhydrazone 
by  the  action  of  the  2,4-dinitrophenylhydrazone  of  chloroacetone  and  aniline.  The  thus  prepared  2,4-dinitro- 
phenylhydrazone  of  anilinoacetone  had  the  same  melting  point  and  a  mixed  sample  melted  without  depression. 

By  an  analogous  process  and  in  yield  of  we  obtained  p-toluidineacetonc.  Thus,  a-arylamino  ketones 
are  not  condensed  by  the  action  of  concentrated  sulfuric  acid  into  compounds  with  an  indole  structure. 

EXPERIMENTAL 

Methyl  a-bromo-a-mcthyl-3-hydroxypropionate.  To  1400  ml  of  water  was  added  160  g  of  N-bromo- 
acetamidc  and  30  ml  of  concentrated  sulfuric  acid.  The  solution  wa'  cooled  with  a  mixture  of  ice  and  salt 
and  to  it  was  added  76  g  of  methyl  a-mcthylacrylate  and  the  mixture  was  stirred  for  a  half  hour.  The  methyl 
ester  was  separated  in  the  lower  layer  in  the  form  of  an  oily  liquid.  The  water  layer  was  extracted  with  ether, 
the  ether  extract  was  combined  with  the  main  substance  and  all  of  it  was  dried  with  magnesium  sulfate, 
_Distillation  gave  116  g  of  ester  as  a  colorless  liquid  with  b.  p.  84-85*  (3  mm). 

Methyl  tx-methylglycidate.  a)  In  a  500  ml  three  necked  flask  was  placed  a  solution  of  110  g  of  methyl 
a-bromo-tx-methyl-3 -hydroxypropionate  in  300  ml  of  absolute  ether,  and  at  0*  with  stirring  was  added  sodium 
methylate  obtained  from  14  g  of  metallic  sodium  and  23  ml  of  methyl  alcohol.  After  addition  of  all  the  sodium 
methylate,  stirring  was  continued  for  six  hours  at  0-5*,  and  then  the  mixture  was  heated  for  four  hours  under 
reflux.  After  cooling,  the  mixture  was  treated  with  ice  water,  on  which  the  solution  separated  into  two  layers. 

The  upper  layer,  the  glycidic  ester,  was  separated  and  the  water  layer  was  extracted  with  ether.  The  ether  extract 
was  combined  with  the  main  substance  and  dried  over  sodium  sulfate.  After  distillation  we  obtained  30  g  (47‘7(>) 
of  the  ester. 

b)  To  308  ml  of  a  chloroform  solution  of  benzoyl  hydroperoxide  (containing  26.2  g  of  CgHjCOOH)  was 
added  19.6  g  of  metliyl  a-methylacrylate.  The  reaction  mixture  stood  in  the  dark  and  in  a  cold  place.  The 
course  of  the  reaction  was  followed  by  titration  with  sodium  thiosulfate.  After  about  one  week  almost  all  the 
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benzoyl  peroxide  liad  reacted.  The  reaction  mixture  was  v'aslied  witli  a  cold  solution  of  NaOH,  then  twice 
with  water,  and  was  dried  over  sodiunt  sulfate.  After  distillation  we  obtained  7  g  (Ol'’/®)  of  ester. 

Methyl  0 -anilino-fY-mcthyl-rt-hydroxypropionate.  IMve  g  of  methyl  «-mcthylglycidatc  and  10.5  g  of 
aniline  were  dis..olvcd  in  'JO  ml  of  toluene,  several  drops  of  atihydrous  alcohol  were  added,  and  the  reaction  mix¬ 
ture  was  heated  under  reflux  at  120*  for  four  hours.  After  distillation  of  the  toluene  and  uurcacted  aniline,  there 
distilled  at  120*  (3  mm)  tlic  methyl  ester  in  the  form  of  a  yellow,  oily  lirptid  which  quickly  crystallized  as  needles 
After  recrystallization  from  ligroin,  we  obtained  4  g  (13.47®)  of  colorless  needles  with  m,  p.  50*. 

Found  N  6.3.  CHH15O3N.  Calculated  N  6,6. 

Anilinoacctonc.  To  4  g  of  mctliyl  0 -anilino-a-mcthyl-a-hydroxypropionate  was  added  20  ml  of  coacen- 
trated  sulfuric  acid  and  tlic  mixture  was  heated  with  stirring  over  a  bare  flame.  At  60-80*  bubbles  of  carbon 
monoxide  began  to  evolve.  Heating  was  contitiued  at  120*  to  full  stoppage  of  evolution  of  CO.  Tlien  It  was 
cooled,  a  stitall  amount  of  ice  water  was  added,  and  the  mixture  was  neutralized  with  barium  carbonate  to  a 
weakly  alkaline  reaction.  The  barium  sulfate  v/as  filtered  off  hot  and  the  filtrate  was  cooled  to  formation  of 
flat  white  crystals  of  anilinoacetone.  We  obtained  2  g  {557>).  After  recrystallization  from  ligroin  they  melted 
at  75*. 

Found  7*:  N  9.18.  CgllnON.  Calculated  N  9.4. 

With  2,4-dinitrophenylhydrazine  we  obtained  the  hydrazone  in  the  form  of  fine  orange-red  crystals  which 
after  recrystallization  from  benzene  melted  at  180*. 

Found  7,:  N  21.28.  C15H15O4NS.  Calculated  7®;  N  20.78. 

To  0.2  g  of  the  2,4-dinitrophenylhydrazonc  of  chloroacetone  (m.  p.  123.5*)was  added  0.8  g  of  aniline  and 
the  mixture  was  iicated  on  the  water  bath  for  10  minutes.  After  cooling,  crystals  separated  which  were  washed 
free  of  excess  aniline  and  recrystallizcd  from  toluene;  m.  p.  189".  A  mixed  sample  with  the  hydrazone  obtained 
above  melted  at  188*. 

Methyl  ester  of  0 -(p-toluidino)-a-methyl-a-hydroxypropionic  acid.  Five  g  of  methyl  a-methylglycidate, 
14  g  of  p-toluidinc,  severardrops  of  anhydrous  alcohol,  and  20  ml  of  toluene  were  Iteated  with  a  reflux  condenser 
at  120*  for  four  liours.  After  distillation  of  tlie  toluene  and  excess  toluidinc,  the  methyl  ester  of  the  hydroxy- 
toluidino  acid  distilled  in  the  form  of  a  yellow,  oily  liquid  with  b.  p.  149-150*  (2  mm),  which  quickly  crystal¬ 
lized.  After  recrystalliation  from  ligroin,  m.  p.  67*;  yield  8  g  (84 7»). 

Found  7®:  N  6.18.  C^Hj^OgN.  Calculated  %:  N  6.2. 

p- Toluldinoacetone.  Two  g  of  methyl  p-toluidino-a-methyl-a-hydroxypropionate  mixed  with  10  ml 
of  concentrated  sulfuric  acid  was  heated  at  100*  to  full  stoppage  of  evolution  of  bubbles  of  carbon  monoxide. 

After  cooling,  the  brown  solution  was  poured  into  a  small  amount  of  ice  water  and  neutralized  with  barium 
carbonate.  The  BaSO^  was  filtered  hot  and  the  filtrate  was  cooled  to  appearance  of  crystals  of  toluidinoacetone. 
After  recrystallization  from  ligroin  the  compound  had  m.  p.  77*.  Yield  0.8  g  (537®). 

Found  7o;  N  8.02.  C^jHigON.  Calculated  7®:  N  8.58. 

Witli  2,4-ditiitrophenylhydrazine  we  obtained  the  hydrazone  as  yellow  needles  which  after  recrystallization 
from  benzene  were  obtained  as  fine  red  crystals  with  m.  p.  170-171*. 

Methyl  ester  of  0 -(o-toIuidino)-a-mcthyl-«-hydroxypropionic  acid.  Five  g  of  methyl  a-mcthylglycidate, 
14  g  of  o-toluidinc,  several  drops  of  anhydrous  alcohol,  and  20  ml  of  toluene  were  heated  with  a  reflux  condenser 
at  120*  for  six  hours.  After  the  end  of  the  reaction  the  dark  brown,  viscous  reaction  mixture  was  vacuum  distilled. 
At  126*  (2  mm)  a  substance  distilled  as  a  yellow,  oily  liquid.  Yield  2.5  g  (267»). 

Found  7®!  N  6.45.  C^JIitON.  Calculated  7®t  N  6.2. 

Methyl  ester  of  0-(l,  3,  5-trimcthyIanilitto)- ot-mcthyl-a-hydroxypropionic  acid.  Three  g  of  methyl 
a-methylglycidate,  4  g  of  1,  3,  5-tritncthylanilinc,  and  a  stiiall  amount  of  anhydrous  .»lcohol  were  heated  in  a 
sealed  tube  at  180*  for  six  hours.  After  vacuum  distillation  of  tlic  reaction  mixture,  the  ester  distilled  at  152- 
153*  (4mm).  After  standing  for  10  days  the  substance  crystallized  as  white  needles  which  after  recrystallization 
from  ligroin  melted  at  67-68*.  We  obtained  2  g  (317®). 
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Found  *’]tr.  N  5.73.  C14H21O3N.  Calculated  N  5.5. 

Methyl  ester  of  6 -(6 -naphtliylnniino)-a*mcthyl-a-hydroxypropionic  acid.  Five  g  of  methyl  a-methyl- 
glycidate,  5  g  of  fl-naphihylaininc,  20  ml  of  toluene,  and  a  small  amount  of  anhydrous  alcohol  were  heated  with 
a  reflux  condenser  at  120*  lor  six  hours.  After  vacuum  distillation  we  obtained  2  g  (14.57»)  of  a  substance  in  the 
form  of  a  yellow,  oily  liquid  with  b.  p.  160*  at  2  mm. 

Found  ‘Jfc:  N  5.6.  C25Hj70sN.  Calculated  %;  N  5.4. 

SUMMARY 

1.  We  have  studied  the  reaction  of  methyl  a-methylglycidate  with  aromatic  amines.  We  have  showed  that 
opening  of  the  oxide  ring  of  the  glycidic  acid  occurs  on  the  side  of  the  3 -carbon  atom.  As  a  result  of  the  reaction 
there  is  formed  the  a-hydroxy-fl-arylamino  acid. 

2.  We  have  studied  the  reaction  of  the  methyl  esters  of  0-anilino-  and  6-(g-toluidino)-ct-hydroxy-a- 
methylpropionic  acids  with  concentrated  sulfuric  acid  when  heated.  We  have  showed  that  in  this  case  there  are 
formed  the  arylamino  ketones;  anilinoacetone  and  p-toluidinoacetone  respectively. 

3.  We  ha^c  showed  that  the  arylaminoacetones  under  the  influence  of  sulfuric  acid  are  not  condensed  into 
compounds  with  an  indole  structure. 
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In  studying  the  reaction  of  diacetylene  with  amino  alcohols  we  have  showed  [1]  that  the  latter  react 
with  diacetylene  both  by  the  hydroxyl  and  amino  groups.  In  the  example  of  0 -(diethylamino)-ethanol  we  have 
studied  the  reaction  of  diacetylene  with  an  amino  alcohol  which  does  not  contain  free  hydrogen  atoms  on  the 
amino  group  [1,  2].  It  was  also  interesting  to  study  the  reaction  of  diacetylene  with  amines  themselves,  since 
in  the  literature  there  is  only  one  patent  [3]  in  which  the  author  reports  obtaining  l-N,N-diethyl-3-butcnynyl- 
aminc  from  diacetylene  atid  diethylamine  at  45’  in  the  presence  of  copper  or  silver  salts. 

In  the  present  work  we  give  data  on  the  investigation  of  the  reaction  of  diacetylene  with  amines,  results 
which  were  briefly  published  earlier  [4],  It  was  shown  that  the  reaction  of  diacetylene  with  amines  of  the 
aliphatic  scries,  like  the  reaction  with  3 -(dialkylamiuo)-cthanols,  begins  at  room  temperature  and  proceeds 
exothcrmally  without  a  catalyst.  Under  analogous  conditions  methylaniline  does  not  react  with  diacetylene. 

The  nature  of  the  starting  amine  has  an  important  effect  on  the  direction  of  the  reaction.  Thus,  a  primary  amine 
reacts  with  diacetylene  with  formation  of  l,4-N-alkyldiamino-l,3-butadiene  (I)  (yield  SQ^o) 

2RNn2-|-CMs;C-C=CH  — >  IINHCH^CH— CH^CIINHR 

(1) 

R  =  n-c,H,  (la):  n  iso-C.H„(ic) 

A  secondary  amine  reacts  with  diacetylene  under  analogous  conditions  with  formation  of  l-N,N-dialkyl- 
amino-l-buten-3-yne  (II)  with  a  yield  of  60^o. 


RzNII  -bCH-C-feCn  — >  R2NCII=CII-C=CH 

(ID 

R  =  c,ii,  (iia);  n.-c.ii,  (lib):  a-c,ii„  (lie) 

The  addition  of  amines  to  ethynylvinylaminc  (II),  evidently  because  of  spacial  difficulties,  requires  more 
severe  reaction  conditions.  For  example,  n-amylaminc  adds  to  ethynylvinylaminc  (Ila)  on  boiling  in  a  vacuum 
and  forms  l,4-N,N-dicthyl-N'-amyldiamino-l,3-butadiene  (III)  (yield  60%). 

(Qjiy.NClI^CM-C-CII  FC,-.II„NH2  — >  (C2J'5)2NCH--=CIl-CH-CIIN'lIC5lfii 
(lln)  (III) 

The  diene  structure  of  the  resulting  stibstances  (I)  and  (III)  was  shown  by  spectral  analysis  and  the  diene 
synthesis  with  cthylvinyl  sulfonc.  From  the  reaction  product  of  the  diene  synthesis  we  isolated  ethylphcnyl 
sulfone  and  alkylamines,  the  preparation  of  which  can  be  explained  by  splitting  out  during  distillation  of  two 
molecules  of  alkylaminc  from  the  adduct  which  first  formed. 
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Such  aromatization  of  the  adduct  with  heat  has  also  been  found  by  other  investigators  [5]  and  is  evidence 
of  the  1,4-distribution  of  the  substituents  in  the  diene.  The  symmetrical  structure  of  the  butadiene  (I)  is  also 
confirmed  by  spectral  analysis,  since  the  bands  and  lines  of  the  double  bond  were  not  split.  In  the  case  of 
butadiene  (III)  there  was  observed  a  very  intense  band,  split  into  two,  which  could  be  explained  by  the  presence 
of  different  substituents  in  the  substance. 

The  structure  of  the  products  of  reaction  of  diacetylene  with  secondary  amines  was  shown  by  hydrolysis, 
positive  reaction  for  mobile  acetylenic  hydrogen,  and  spectral  analysis.  As  a  result  of  hydrolysis  with  a  2'7(» 
sulfuric  acid  solution  we  obtained  triacetylbenzene. 


COCH3 


IIC=C-CH=CIINR2 


If 


CH3CO 


A 


COCH1 


f  RjNlI 


The  synthesized  compounds  (I),  (II),  and  (III)  are  colorless  or  yellow,  unstable  liquids,  which,  however, 
can  be  kept  for  a  long  time  in  sealed  ampules  at  -50-70*.  Dienes  (1)  and  (III)  easily  absorb  carbon  dioxide 
from  the  air  and  form  stable  solid  carbonates  which  is  also  characteristic  of  the  starting  amines.  Spectral 

analysis  of  these,  confirming  the  presence  of  the  group  *C  ,  showed  that  the  diene  structure  Was  here 

^O- 


preserved. 


The  spectroscopic  study  was  carried  out  by  B.  V,  Lopatin,  to  whom  the  authors  express  thanks. 


EXPERIMENTAL 

Synthesis  of  l,4-N-alkyIdiamino-l,3-butadienes  (I).  In  a  three  necked  flask  fitted  with  a  stirrer, 
condenser,  thermometer,  and  bublsliug  tube  was  placed  30  g  (0.41  mole)  of  n-butylamine  (b.  p.  78-79*,  n^ 
1.4041).  At  15-20*  with  stirring  we  passed  in  diacctylene  diluted  with  nitrogen  for  two  hours.  Unreacted 
diacetylene  was  passed  through  the  condenser  and  an  absorption  flask  with  107»  sodium  hydroxide  and  was 
condensed  in  a  trap  cooled  with  a  mixture  of  acetone  and  solid  carbon  dioxide.  The  reaction  was  exothermic 
(40-50*).  About  6  g  of  diacetylene  was.  absorbed.  The  reaction  mixture  was  stirred  for  four  hours,  kept  for 
twelve  hours,  and  distilled  in  a  vacuum.  We  separated  12.7  g  of  unreacted  n-butylamine  and  19  g  of  1,4-14- 
butyldiamino-l,3-butadicne  (la).  In  the  residue  was  3,6  g  of  tarry’ liquid.  In  an  analogous  way  we  prepared 
butadienes  (Ib)  and  (Ic).  In  the  case  of  butadiene  (Ic)  we  found  strong  tarring  so  that  its  yield  fell  to  3O7J. 

This  can  evidently  be  explained  by  the  effect  of  the  iso-radical.  The  physicochemical  constants  and  analyses 
of  these  compounds  are  given  in  the  table. 

Synthesis  of  1-N,  N-dialkylamino-l-buten-3-ynes  (II)  was  carried  out  under  conditions  analogous  to  those 
described  above.  Tlic  diacetylene  was  passed  through  30  g  (0.4  g  mole)  of  diethylamine  (b.  p.  55*,  iiq  1.3870). 
Reaction  temperature  30-35*.  Six  g  of  diacetylene  was  absorbed.  When  the  reaction  mixture  was  distilled  we 
isolated  22.5  g  of  diethylamine,  8.1  g  of  1-N,  N-diethylamino-l-butcn-3-yne  (Ha),  and  0.8  g  of  a  fraction 
(b.  p.  98-103*  at  35  mm)  wliich  was  studied.  The  residue  contained  3.8  g  of  a  tarry  liquid.  In  an  analogous 
way  we  obtained  the  dialkylethyiiylvinylamines  (Ilb)  and  (lie)  (see  table). 
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Characteristics  of  l,4-N-AIkyIdianiino-l,3-butadienes  and  1-N,  N-Dialkylamino*l-buten-3-ynes  and  Their  Derivatives 
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The  Infrared  spectra  were  taken  in  the  region  2500-1500  cm*‘  on  an  infrared  spectrometer  IKS-11  with  an  NaCl  prism, 

•  Literature  data  [3]:  b,  p,  42-45*  (3  mm), 

•  •  For  all  the  substances  glv.en  In  the  table  we  found  a  large  exalution  of  molecular  refraction  (about  3), 


Synthesis  of  1,4 ~N.  N-dicthyI-N'-amyIdinmino-l,3-butadicncs  (III).  In  a  distillation  apparatus  we  placed 
6.5  g  (0.052  mole)  of  (lla)  and  9.6  g  (0.11  mole)  of  n-amylaminc  (b,  p.  104*,  n|5  1.4123).  The  mixture  was 
heated  in  a  vacuum  (50-60  mm)  for  18  hours.  The  bath  temperature  was  40-50*.  Distillation  separated  from 
the  reaction  products  7  g  of  n-amylaminc,  2.4  g  of  starting  diethyle/.iynylvlnylaminc  (lla),  and  5.6  g  of  1,4-N, 
N-dicthyl-N*-amyIdiamino-l,  3-butadiene  (III).  The  residue  contained  1  g  of  tarry  liquid  (see  table). 

Reaction  of  butadienes  (1)  and  (Ill)  with  ethylvinyl  sulfone.  In  a  two  necked  flask  fitted  with  a  condenser 
and  thermometer  was  placed  5  g  (0.025  mole)  of  1,4-n-butyldiamino-l, 3-butadiene  (la)  and  with  stirring  It 
was  treated  with  3  g  (0.025  mole)  of  ethylvinyl  sulfone.  The  re-ctlon  took  place  with  spontaneous  heating 
(40-50*).  After  standing  for  a  day,  the  reaction  mixture  (7  g)  was  distilled  in  a  vacuum  (3.5*10**).  Wc  isolated 
0.7  g  of  n-butylamine  (b.  p.  75-80*,  n|5  1.4047),  2.5  g  of  starting  butadiene  (la),  and  0.9  g  of  ethylphenyl 
sulfone  with  b.  p.  157-158*  at  8  mm  (literature  data  [6):  b.  p.  300*,  160*  at  12  mm).  The  residue  contained 
2.2  g  of  tar. 

The  diene  synthesis  with  compound  (III)  and  ethylvinyl  sulfone  took  place  under  analogous  conditions. 
Distillation  separated  from  the  reaction  product  a  mixture  of  diethylamine,  amylamine,  and  ethylphenyl  sulfone. 

Hydrolysis  of  1-N,  N-diethylamino-l-buten-3-yne  (Ila).  When  4  g  (0,032  mole)  of  the  product  was 
heated  with  160  ml  of  2<79  sulfuric  acid  solution  ahe  amount  of  sulfuric  acid  was  calculated  on  neutralization 
of  the  amino  groups  with  a  slight  excess)  to  60-70*  for  30  minutes,  we  obtained  0.8  g  (35<7«)  of  triacetylbenzene. 
M.  p.  160-161*  (from  methanol).  A  mixed  sample  showed  no  melting  point  depression. 

SUMMARY 

1,  We  have  studied  the  reaction  of  diacetylene  with  amines.  We  have  showed  that  the  conditions  and 
direction  of  the  reaction  are  determined  by  the  nature  of  the  starting  amine.  The  reaction  occurs  exothermally 
without  a  catalyst. 

2.  We  have  worked  out  a  method  for  synthesis  of  l,4-N-alkyldiamino-l,3-butadienes  and  1-N,  N- 
dialkylamino-l-buten-3-ynes  from  diacctylene  and  amines. 
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We  have  previously  shown  that  the  reaction  of  vinylalkyl  ethers  with  silanols  leads  to  formation  of  mixed 
trialkylsilylalkylacetals  [11, 


-OAlk 


CH2=CHOAIk+HOSiR3-*CH3QH^ 


OSiR, 


The  present  investigation  is  devoted  to  a  study  of  the  reaction  of  vinylethyl,  vinylisopropyl,  and  vinyl- 
n-butyl  ethers  with  a-naphthyldimethylsilanol  (I).  This  was  obtained  by  hydrolysis  of  a-naphthyldimethyl- 
silanyl  acetate. 


The  prc'.  ions  investigation  [1]  showed  that  vinylalkyl  ethers  easily  react  with  silanols  by  an  ionic  mecha¬ 
nism  in  the  presence  of  traces  of  mineral  acids.  It  was  shown,  however,  that  the  formation  of  mixed  silico- 
organic  acetals  could  also  occur  in  the  absence  of  a  catalyst.  In  this  case  the  reaction  was  characterized  by 
a  greater  yield  since  in  the  presence  of  acid  [1,  2]  the  side  reactions  of  hydrolysis,  dimerization  of  the  silanol, 
and  polymerization  of  the  startittg  vinyl  ether  occur  to  a  considerable  extent.  The  structure  of  the  resulting 
acetals  was  shown  by  their  hydrolysis  with  sulfuric  acid  with  formation  of  a- naphthyldimethylsllanol, 
acetaldehyde,  and  the  corresponding  alcohol. 


CII3 

I 

Clla^CIIOn  4-  llO-Si— CjoHj-a 

I 

CHa  (I) 


OR 


CM, 


CllaCII 

I  '''^OSi — CioIIj-a 


(11) 


CM, 


a-Naphthyldimethylalkylacetals  (II)  are  colorless,  easily  mobile  liquids,  soluble  in  the  usual  organic 
solvents  and  insoluble  In  water. 


EX  PERIMENTAL 

Dimethyl  -a  -naphtliylsilanyl  acciaie.  To  21.2  g  of  anhydrous  sodium  acetate  in  100  ml  of  absolute  ether 
at  room  temperature  with  energetic  stirring  was  added  drupwise  during  10  minutes  19  g  of  dimethyl -a-naphihyl- 
cb’orosilane*  which  produced  a  rise  in  temperature  from  25  to  29*.  Tlic  reaction  mass  was  stirred  for  five 
hours  with  gentle  boiling  of  the  ether.  The  ether  layer  was  separated  and  the  product  after  distillation  of  the 


•Obtained  from  naphthylmagnesium  bromide  and  dimcthyidichlorosilanc  and  containing  traces  of  dimethyl- 
a  -naphthylbromosMane, 
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ether  was  distilled  io  vacuum.  We  obtained  13,4  g  (63.77»)  of  substance, 

B.p.  122-125’  (1  mm),  dj®  1.0941,  nfj  1.5682,  MRp  73.07;  calc.  70.96. 

Found  ‘Ji:  C  68.81,  68.72;  H  6.60,  6.85;  Si  11.48,  11.71;  acetyl  number  22.00,  24.09.  CJ4H15O2SI. 
Calculated  ‘7*;  C  68.81;  H  6.60,  Si  11.48;  acetyl  number  24.16. 

a-Naphthyldimcthylsilanol  (I).  To  a  mixture  of  100  ml  of  ether,  70  g  of  ice,  3.5  g  of  dimethyl-a- 
naphthylsilanyl  acetate  ? 'd  several  drops  of  phcnolphthalcin  solution  over  a  period  of  16  minutes  with  good 
stirring  was  added  0.5  N  NaOH  to  weak  alkaline  reaction.  The  ether  layer  was  separated,  washed  with  water, 
and  the  ether  was  distill'’d  off.  From  the  residue  after  removal  of  the  solvent  in  a  vacuum  we  isolated  by 
rccrystallization  fromheptane  and  isopentane  1.8  g  (I)  with  m,  p.  82-83*.  The  melting  point  of  a 

sample  mixed  with  a  sample  of  silanol  previously  obtained  [2]  gave  no  depression. 

Found  C  71.70,  71.67;  H  7.03,  7.07;  Si  13.90,  14.20.  C^jH^OSi.  Calculated  t/a:  C  71.24;  H  6.98; 

SI  13.87. 

Tetramcthyl-di-a-naphthyidisiloxane.  When  a-naphthyldimethylsilanol  was  heated  at  ordinary  pressure 
on  a  water  bath  we  obtained  tctramcthyl-di-a-naphthyldisiloxane,  a  viscous,  oily  liquid,  soluble  in  acetone, 
ethanol,  diethyl  ether;  insoluble  in  water, 

B.p.  196*  (2  mm),  dj®  1.0878,  ng  1.5924,  MRq  120.32;  calc.  119.50. 

Found  70:  C  74.36,  74.37;  H  6.89,  6.80;  Si  14.17,  14.03.  C24H260Si2.  Calculated  C  74.56;  H  6.78; 

SI  14.52. 

Preparation  of  a- naphthyldimethylsilylalkylacetals.  a- Naphthyldimethylsilylcihylacetal.  With¬ 
out  a  catalyst.  In  an  ampule  we  placed  2.2  g  (0.01  mole)  of  dimethyl -«-naphthylsilanol  with  m.  p.  82-82.5* 
and  1.4  g  (0.02  mole)  of  vinylethyl  ether.  The  mixture  of  substances  was  sealed  in  and  heated  on  a  boiling 
water  bath  for  about  one  hour.  After  the  reaction  mixture  had  cooled,  the  excess  vinylethyl  ether  was  distilled 
off  and  the  residue  was  distilled  in  a  vacuum.  We  thus  obtained  2.2  g  (72.879)  of  a-naphthyldimethylsilyl- 
ethylacetal. 

B.  p.  79-81*  at  0.02-0.01  mm,  dj®  1.03  21;  ng  1.5480,  MR^^  84.44;  calc.  84.78. 

Found  7.;  C  69.96,  69.75;  H  7.99,  9.92;  Si  10.02,  10.28.  Ci6H2202Si.  Calculated  7,:  C  70.03;  H  8.08; 

SI  10.23. 

b)  In  the  presence  of  a  catalyst  (hydrochloric  acid).  The  corresponding  vinylalkyl  ether  was  added  with 
stirring  to  the  silanol.  The  solution  of  silanol  and  vinyl  ether  occurred  with  a  small  amount  of  heating.  Then 
the  reaction  mass  was  cooled  to  room  temperature  and  a  drop  of  concentrated  hydrochloric  acid  was  added  to 
the  mixture.  The  reaction  proceeded  energetically  with  a  marked  evolution  of  heat.  After  the  solution  had 
cooled  it  was  diluted  witli  ether  and  the  acid  was  neutralized  with  potash.  After  filtration  of  the  product  and 
removal  of  the  ether  the  residue  was  distilled  in  a  vacuum.  From  7.8  g  (0.04  mole)  of  «-naphthyldimethyl- 
sllanol  and  3.9  g  (0.05  mole)  of  vinylethyl  ether  we  obtained  2.9  g  (27.379)  of  a-naphthyldimethylsilyl- 
ethylacctal, 

B.  p.  125-126*  at  2.5  mm,  df  1.0403,  n”  1.5548,  MR^  84.68;  calc.  84.78. 

«-Naphthyldimcthylsilylisopropylacctal.  a)  Without  a  catalyst.  Two  g  (0.012  mole)  of  oc-naphthyl- 
dimcthylsilauol  and  12  g  (0.14  mole)  of  vinylisopropyl  ether  were  placed  in  an  ampule  which  was  scaled 
and  heated  on  a  water  bath  with  constant  raising  of  the  bath  temperature  from  55  to  100*  in  the  coune  of  three 
hours.-  After  cooling,  the  excess  vinylisopropyl  ether  was  distilled  off  and  fractionation  of  the  residue  gave 
lk3  g  (457*)  of  the  substance. 

B.  p.  85-86*  at  0.01  mm,  dj®  1.0284,  n|J  1.5461,  MR^  88.79;  calc,  86.50. 

Found  7.:  C  70.47,  70.30;  H  8.11,  8.12;  SI  10.26,  10.10.  Ci7H2402Si.  Calculated  7.:  C  70.79;  H  8.39; 

Si  9.73. 

b)  In  the  presence  of  a  catalyst  (hydrochloric  acid).  From  2,2  g  (0.012  mole)  of  a-naphthyldimethyl- 
silanol  and  1  g  (0.01  mole)  of  vinylisopropyl  ether  we  obtained  a-naphthyldimcthylsilylisopropylacctal. 
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B.  p.  134^*  at  3  mm,  clf  1.02G8,  1.5502,  89.51;  calc.  86.50. 

a-NnplitliylcJimcihylsiIyl-n-b>itylacctnI.  a)  Without  a  catalyst.  In  a  flask  fitted  v/lth  a  stirrer,  thermo¬ 
meter  and  rcfliLX  condenser  was  placed  10  g  (0.05  mole)  of  a-naphihyldimetliylsilanol  and  to  it  was  added 
20  g  (0.20  mole)  of  vinyl-n-butyl  ether.  Heating  of  the  reaction  mixture  was  carried  out  with  stirring  for 
six  hours;  the  maximum  temperature  which  the  reaction  mixture  reached  was  100“.  After  cooling  the  reaction 
mixture,  the  vinyl-n-butyl  ether  was  distilled  off  and  the  residue  (15  g)  was  fractionated.  We  obtained  13.5  g 
(90.27a)  of  a-naphthykiimcthyl-n-butylacetal. 

B.  p.  89  90“  at  0.004  mm,  df  1.0097,  nJJ  1.5350,  MR^  93.25;  calc.  92.13. 

round  7a;  C  71.41,  71.70;  H  8.G5,  8.85;  Si  9.55,  9.80.  C^Hz^OzSi.  Calculated  7»;  C  71.47;  H  8.66; 

Si  9.28. 

b)  In  the  presence  of  a  catalyst  (hydrochloric  acid).  From  3.2  g  (0.02  mole)  of  a-naphthyldimethyl- 
silanol  and  7.2  g  (0.07  mole)  of  vinyl-n-buiyl  ether  we  obtained  a-naphthyldimethylsilyl*n-butylacetal 
with  b.  p.  112-113“  at  1  mm,  n|^  1.5335.  At  the  same  time  we  obtained  2.8  g  (507a)  of  the  polymer  of  vinyl- 
butyl  ether. 

Hydrolysis  of  ct-naphthyldimcthylsilylalkylacetals  (II).  A  sample  of  the  acetal  in  a  small,  thin  vralled 
ampule  was  placed  in  a  large  ampule  with  a  capacity  of  150  ml,  with  20  ml  of  27o  sulfuric  acid  and  10  ml  of 
0.4  N  solution  of  sodium  bisulfite.  The  ampule  was  sealed  and  the  small  ampule  was  broken  by  shaking.  The 
ampule  was  shaken  at  room  temperature,  then  opened  and  the  contents  titrated  with  a  0.1  N  solution  of  iodine 
in  the  presence  of  starch.  The  results  of  the  hydrolysis  are  given  in  the  table. 


Hydrolysis  of  a-Naphthyldimethylsilylalkylacetals 


Formula  and  name  of  acetal 

Weight 

a 

b 

a  —  b 

K 

M 

Findings, 
based  on 

(in  g) 

acetal,in‘7» 

CH,CllfOC,tt.)OSi(CHjbC,jlI,-a  ( 

a-Naphihyldimethyisiiyl-  ) 

0.1  S92 

12 

53.4 

40.4 

13 

0.99425 

274. 39G 

93.7 

ethylacetal  [ 

0.1700 

11 

53.4 

42.7 

10.7 

0.99425 

274.396 

85.86 

CH,CIl(OC,H,-iSO)OSI(CII,),C,oH7-« 

0.20655 

11 

53.4 

42.5 

10.9 

0.99425 

288.422 

75.66 

a-Naphthyldimcthylsilyl- 

isopropylacetal 

CH,cn(OC.n.  n.)osi(Cn,),c,oii>-«  r 
a-Naphthyldimethylsilyl-n-  < 
butylacetal 

0.327G 
0.1 54G 

11 

9 

53.4 

53.4 

34.G 

45.9 

18.8 

7.5 

0.99425 

0.99425 

302.448 

86.28 

73.04 

Calculations  were  made  by  the  formula:  7»  acctal=(a-b)K*M/ 200 •sample,  where  a  is  the  amount  of  iodine 
(ml)  used  in  the  control  experiment,  b  the  number  of  ml  of  iodine  used  in  the  experiment  with  the  sample,  M 
the  molecular  weight  of  the  substance,  K  a  correction  for  the  0,1  N  solution  of  iodine, 

SUMMARY 

1.  We  have  showed  that  the  formation  of  mixed  silicoorganic  naphtliyl-containing  acetals  prepared  from 
a-naphthyldimcthylsilanol  and  vinyl  ethers  can  occur  in  the  absence  of  a  catalyst  (mineral  acid). 

2.  We  have  synthesized  for  the  first  time  the  ethyl,  isopropyl,  and  n-butyldimethyl  -a-naphtltylsilylacetals, 
a-naplithyidimethylsilanyl  acetate,  and  tetrarnethyl-di-a-naphthyldisiloxane, 
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The  electron  magnetic  resonance  spectrum  of  the  hyperfine  structure  of  the  stable  radical  a,  a-diphenyl- 
6 -picrylhydrazyl  (dpph)  (I)  shows  that  in  it  the  unpaired  electron  on  N^  does  not  react  with  the  n  -electrons  of 
the  picryl  and  diphenylamino  residues  [IJ  •  . 

In  distinction  from  the  triphenylmcthyl  radical  where  the  stability  depends  to  a  considerable  extent  on  just 
such  a  reaction  of  an  unpaired  electron  with  the  tr  -electrons  of  the  phenyl  residues,  here  the  stability  Is  de¬ 
termined  chiefly  by  the  reaction  between  the  unpaired  electron  of  one  atom  (N^)  with  the  unshared  (p)  electron 
pair  of  the  other  nitrogen  atom  (N*^). 


NO, 

\ 


NO, 


<0 


‘V 


■NO, 


This  agrees  with  the  conclusions  which  were  made  on  the  basis  of  the  study  of  dpph  by  the  method  of  electron 
paramagnetic  resonance,  according  to  which  the  cloud  of  unpaired  electrons  was  evenly  distributed  between  N® 
and  N*^  [3],  although  each  of  nitrogen  atoms  was  bound  to  a  different  radical  (picryl  and  phenyl).  Finally,  the 
reaction  between  the  electrons  of  N“  and  N^  affected  the  aryls  bound  to  N°^,  depending  on  their  electron  and 
spacial  structures.  Thus,  if  dppli  had  the  diphenylaminc  radical  replaced  by  a  known  coplanar  carbazyl  radical, 
this  would  produce  a  considerable  change  in  the  hyperfine  structure  of  tlic  electron  magnetic  resonance  spectrum. 
According  to  the  data  [1],  the  electron  cloud  of  unpaired  electrons  in  this  radical  arc  distributed  also  between  two 
nitrogen  atoms,  but  unequally,  and  are  shifted  to  one  of  the  nitrogen  atoms. 

This  very  interesting  relatively  stable  radical  has  been  little  studied.  In  the  literature  known  to  us  its  synthesis 
is  not  described,  although  there  are  data  on  its  paramagnetic  properties. 

It  therefore  seemed  important  to  us  for  the  study  of  the  relation  between  properties  of  free  hydrazyl  radicals 
and  their  structure  to  investigate  the  properties  of  the  catbazyl  radical  and  also  its  3-chloro-  and  3-bromoderlvatlves 
for  contparison  of  its  properties  with  those  of  the  diphenyl  radical  [5,  6], 


•This  is  also  confirmed  by  the  absence  of  the  "Knight  shift”.  The  presence  of  such  a  shift  indicates  the  reaction 
L'f  an  unpaired  electron  with  the  nucleus  of  a  ring  atom  [2], 
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The  synthesis  of  N-carbazylplcrylnitrogcn  (cpn)  and  Its  halogen  derivatives  was  carried  out  by  the  following 
scheme. 


(iia,b,c»  (ina.b.c)  (iva.b.ct  (va.b,  q 

a)  X  •-=  It.  to  X  .-=ci,  c).x  =  Hr. 


To  obtain  the  starting  H-chloro-  and  3-broniocarbazoIcs  we  first  sttidied  the  method  of  converting  3-amino- 
carbazolc  into  a  halogen  derivative  tiirongh  the  diazo  compound  [7].  The  yield  of  halogen  derivative  by  this 
method  was  nn-3,7yo.  3-ChlorocarbazoIe.  was  obtained  in  better  yield  (70-807#)  by  chlorination  of  carbazole  with 
freshly  prepared  sulfuryl  cliloridc  in  chloroform  [8]. 

3- Bromocarbazolc  was  obtained  with  a  yield  of  807#  by  the  action  of  siiccinyl  bromide  on  carbazole  in  the 
presence  of  benzoyl  peroxide  in  carbon  tetrachloride  [9],  The  N-nitrosocompound  of  the  halogen  derivatives 
(ITb,  c)  were  obtained  by  nitroso  formation  from  the  corresponding  halocarbazoles  with  sodium  nitrite  in  glacial 
acetic  acid.  The  nitrosocompounds  were  reduced  to  the  N-aminocarbazolcs  (Illb,  c)  with  zinc  dust  in  acetic  acid 
at  3-8*.  At  higher  temperatures  there  was  considerable  denitrosization  and  formation  of  the  original  3-halo- 
carbazolcs. 

N-(3-chIorocarbazyl)-  and  N-(3-bromocarbazyl)-piciylamine  (IVb,  c)  were  obtained  with  almost  quantitative 
yields  by  the  action  of  the  amines  with  picryl  chloride  in  cliloroform  solution  in  the  form  of  crystals  with  a  red 
or  orange  color.  Oxidation  of  the  amines  with  lead  peroxide  in  anhydrous  chloroform  gave  radicals  (Vc,  b)  which, 
like  the  unsubstituted  radical  (Va)  were  crystalline  products  with  an  almost  black  color.  They  were  easily  soluble 
In  chloroform  and  xylene,  and  formed  solutions  with  an  intense  blue  color. 

It  is  interesting  to  see  that  the  radicals  of  the  carbazyl  scries  were  considerably  more  active  than  dpph, 
dehydrogenating  hydroquinone,  aromatic  amines,  and  a  number  of  other  compounds  in  solution  and  themselves 
being  converted  to  the  original  amines  (IVa,  b,  c).  It  seems  to  us  that  this  effect  deserves  special  study. 

Using  the  method  of  electron  magnetic  resonance,  we  studied  in  the  crystalline  samples  of  the  synthesized 
compounds  the  exchange  reactions  of  the  unpaired  electron.  The  resulting  resonance  absorption  curve  for  cpn 
and  for  comparison  that  of  dpph  are  given  in  Fig.  1.  The  width  of  the  absorption  curve  between  the  point  of 
maximum  slope  ( )  [10]  and  the  ratio  of  the  fourth  moment  to  the  second,  which  characterizes  the  value 
of  the  exchange  reaction,  are  given  in  Table  1.  For  comparison,  we  give  the  corresponding  values  for  dpph  and 
Its  halogen  derivatives. 

TABLE  1 

N.0-x:ca*azy„-picry.  .Utrogen  I 


substitu¬ 
ent  X 

value  of  Allj^^  5 
(in  oersteds) 

.  Isubstitu-ivaluc  ofAIlj^  3 
ijcnt  X  1  (jp  oersteds) 

Af./At, 

II 

Cl 

Ur 

0.550  ±  0.002 
0.725  ±  ()  ()i)2 
1.150  ±  0.002 

1.6.3-10.02  II 

\AS±  0.02  Cl 

—  Ur 

1,00  1  0.0)1 

1.20  ±  0.15 

2.20  ±  U.i5 

1.-13  ±  0.02 
\Al  ±  0.02 
l.-iO  ±  0.02 
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Study  of  cpn  was  carried  out  both  for  a  pressure  of  5 ‘IS*®  mm  and  at  atmospheric  pressure  in  air.  Tlic  observed 
difference  in  width  of  the  line  (AHni^s.)  small,  not  more  than  therefore  we  could  obtain  the  desired 

comparative  data  by  determination  of  All  at  atmospheric  pressure  in  air. 

A  study  of  the  forms  of  the  line  of  electron  magnetic  resonance 
in  crystalline  samples  in  a  strong  field  (Hg=8000  oersteds)  showed 
that  the  width  of  the  line  at  half  height  AHi  for  cpn  was  7  oersteds 
while  for  dpph,  AHi=3.7  oersteds.  Study  of  these  radicals  in  a 
weak  field  (115=20  oersteds)  carried  out  in  our  work  showed  that 
for  cpn  AHi  =0.95  oersteds,  and  for  dpph,  AH|=1.7  oersteds  (at 
a  width  between  the  points  of  maximum  slope  of  0.55  and  1.0 
oersteds  respectively). 

In  comparing  the  width  of  the  lines  AH  of  the  carbazyl  and 
phenyl  radicals  in  strong  and  weak  fields  it  was  shown  that  the 
values  of  AH  for  cpn  in  a  strong  field  were  larger  than  for  dpph, 
and  on  the  contrary,  the  values  of  AH  for  dpph  in  a  weak  field 
were  larger  than  those  for  cpn.  This  can  be  explained  if  we 
assume  an  effect  of  the  g* factor  anisotropy  of  the  monocrystaU 
of  these  radicals  on  the  width  of  the  line.  The  latter  leads  to  an 
increase  in  width  of  the  line  with  increasing  magnetic  field  ** 

In  this  connection  the  study  of  electron  paramagnetic  resonance 
of  both  the  phenyl  radical  and  the  radical  described  in  our  work 
was  carried  out  under  the  same  conditions-in  a  weak  field  (H= 

20  oersteds)  where  the  effect  of  anisotropy  of  the  monocrystals 
can  be  neglected. 

The  lower  values  of  AH  for  cpn  and  its  chloro-  and  bromo- 
derivatives  as  compared  with  dpph  and  its  corresponding  halogen 
derivatives  (see  Table  1)  shows  the  greater  exchange  reaction  in  the  crystalline  state  of  the  carbazyl  radical  as 
compared  to  the  exchange  reaction  of  the  phenyl  radical.  This  can  have  two  reasons.  First,  the  constitutive 
effect  of  the  carbazyl  radical  in  cpn  is  different  from  the  diplienylamino  radical  in  dpph,  since  in  the  carbazole 
radical  the  unshared  pair  of  electrons  of  the  nitrogen  atom  in  the  ring  has  a  greater  possibility  of  combining  with 
the  -electrons  of  the  ring  than  the  unshared  pair  of  electrons  of  the  N®  -atom  of  nitrogen  in  diphenylamine. 
Second,  the  difference  between  carbazole  and  phenyl  radicals  is  also  caused  by  spacial  factors  which  in  this 
case  have  a  primary  value  if  we  consider  that  the  measurement  of  AH  concerns  substances  in  the  crystalline 
state. 

VVe  must  assume  that  the  planar  structure  of  the  carbazole  radical  assures  a  denser  packing  of  the  molecule 
in  the  crystal  and  in  connection  with  this  the  possibility  of  a  greater  exchange  reaction  between  the  molecules 
than  occurs  iti  the  dpph  crystals. 

Here  it  should  be  mentioned  that  in  picrylhydrazine  and  corresponding  radicals  the  volume  of  the  picryl 
portion  makes  impossible  the  coplanar  distribution  of  the  residue  bound  with  the  nitrogen  atom  of  the  hydrazine. 
This  is  clearly  evident  in  Fig.  2,  where  are  shown  the  models  of  the  molecules  of  dpph  and  cpn  (in  the  most 
planar  configurations  of  the  residues). 

The  ideas  expressed  here  as  to  the  structure  of  the  hydrazyl  radical  in  space  naturally  require  further  correction 
by  x-ray  structural  analysis.  Also  for  a  more  complete  judgment  of  the  role  of  constitutive  factors  (effect  of 
one  or  another  group,  etc.)  on  the  properties  of  the  radicals,  a  study  of  the  exchange  reactions  of  the  radicals, 
including  those  described  previously  by  us  [5,  6],  should  be  carried  out  in  solutions  where  the  intermolecular  ex¬ 
change  reactions  arc  strongly  decreased. 


'  Analogous  to  that  found  for  large  crystalline  forms  of  dpph  [11], 

•  "The  effect  of  g-factor  anisotropy  of  monccrystals  on  the  width  of  the  line  of  crystalline  samples  will  be 
discussed  in  detail  by  one  of  us  in  another  place. 


Oersteds 

Fig.  1.  Curves  of  resonance  absorption: 
a,a-diphenyl-8 -picrylhydrazyl  (1)  and 
N-carbazylpicryl  nitrogen  (2). 
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Fig.  2.  Models  of  the  molecules:  N-carbazylpicryl  nitrogen  (1)  (a  is  carbazyl, 
b  is  the  picryl  residue),  and  a,a-diphenyl-0 -picrylhydrazyl  (2)  (a, a  are  phenyls, 
b  is  the  picryl  residue). 


EXPERIMENTAL 

3-Chlorocarbazole.  Twelve  g  of  freshly  distilled  sulfuryl  chloride  and  12  g  of  carbazole  in  200  ml  of  carbon 

•  tetrachloride  were  boiled  on  a  water  bath  for  one  hour.  Yield  10  g  (7(X7»).  M.  p.  199-202"(from  alcohol),  201- 

205* [8]. 

3-Bromocarbazole.  A  mixture  of  16.7  of  pure  carbazole  with  m.  p,  246*,  17  g  of  N-bromosuccinyl  bromide, 

0  g  of  benzoyl  peroxide  and  270  ml  of  carbon  tetrachloride  was  boiled  on  a  water  bath  for  one  hour.  After 

cooling,  a  precipitate  came  down  and  was  filtered  off  and  heated  with  water  to  remove  succinyl  amide.  Yield 
19g(787<.).  M.  p.  196-198*  (from  alcohol),  198-199*  [9]. 

3-X-N-Nitrosocarbazoles  (Ilb,  c).  To  a  solution  of  0.02  mole  of  3-X-carbazole  in  glacial  acetic  acid 
during  one  hour  was  added  with  stirring  0.03  mole  of  sodium  nitrite;  then  stirring  was  continued  for  two  more 
hours  and  at  40-45*  was  added  another  0.005  mole  of  sodium  nitrite.  The  reaction  mass  was  cooled  to  8-10* 
and  the  precipitate  which  formed  was  filtered  off.  After  crystallization  from  ligroin  (b.  p.  50-60*)  light  green 
crystals  w'cre  isolated.  The  resulting  nitrosocompounds  were  easily  soluble  in  hot  alcohol,  ether,  and  poorly  so 
in  benzene.  In  concentrated  sulfuric  acid  the  nitrosocompounds  dissolved  with  an  intense  green  color.  The  data 
of  analysis  and  properties  of  the  nitrosocompounds  are  given  in  Table  2. 

3-X-Aminocarb.izoles  (Illb,  c).  To  a  solution  of  0.12  mole  of  3-X-N-nitrosocarbazoles  in  ether  was  added 
three  times  the  amount  by  weight  of  glacial  acetic  acid.  At  a  temperature  not  above  8-10*  and  energetic  stirring 
wc  gradually  added T.2  mole  of  zinc  dust.  The  mixture  remained  standing  with  stirring  for  two  hours,  then  the 
solid  was  separated  and  the  ether  solution,  after  washing  with  a  saturated  soda  solution,  was  dried  with  calcium 
chloride.  The  3-X-N-aminocarbazole  was  separated  from  the  ether  solution  in  the  form  of  the  hydrochloride 
by  passing  in  a  stream  of  dry  hydrogen  chloride.  The  resulting  hydrochloride  was  transformed  into  the  free  base 
by  treatment  with  a  hot  alcoholic  solution  of  25*79  ammonia.  The  amine  precipitated  from  the  cooled  solution. 

After  crystallization  from  alcohol  we  obtained  colorless  crystals,  easily  soluble  in  ether,  chloroform,  dioxane, 
poorly  soluble  in  cold  alcohol.  The  3-X-N-aminocarbazoles  dissolved  in  concentrated  sulfuric  acid  with  an 
intense  blue  color.  The  halogen  derivatives  of  N-aminocarbazole  give  good  yields  of  the  corresponding  azometliine 
with  p-nitrobenzaldehyde  (Table  2). 

N-(3-X -Carbazyl)  picrylamines  (IVa,  b,  c).  To  a  solution  of  0.1  mole  of  N-3-X-carbazylamine  in  chloro¬ 
form  was  added  a  solution  of  0.05  mole  of  picryl  chloride  in  chloroform,  't'hc  reaction  mass  at  once  became 
colored  an  intense  red.  The  resulting  ntixturc  was  boiled  on  a  water  bath  for  20-30  minutes,  then  the  chloroform 
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Yield,  Form  of  crystals  |  Empirical 

%  I  (under  microscope)  •  P*  formula 
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*  With  decompositiOQ 


I 

was  distilled  off  to  1/3  the  original  volume.  To  the  contents  of  the  flask  was  added  twice  Its  amount  of  hot 
alcohol,  and  the  resulting  solution  was  boiled  for  20*30  minutes.  A  crystalline  precipitate  of  the  picrylaminc 
gradually  precipitated.  The  brick  red  precipitate  which  formed  was  filtered  off  from  the  hot  solution  and  crystal¬ 
lized  from  a  mixture  c  f  chloroform  and  alcohol  (1  ;  3).  The  picrylamines  were  easily  soluble  in  chloroform, 
poorly  so  in  benzene,  insoluble  in  alcohol  (Table  2). 

N-(3-X-Carb3zyl)  picryl  nitrogen  (Va,  b,  c).  To  a  solution  of  0.05  mole  of  N-(3-X-carbazyl)  picryl- 
amine  in  dry  chloroform  was  added  20  times  the  amount  (by  weight)  of  lead  dioxide  and  0.5  mole  of  Ignited 
sodium  sulfate.  The  r"action  mass  was  shaken  for  1.5-2  hours.  The  dark  violet  solution  was  separated  from  the 
solid,  and  chloroform  was  distilled  from  the  motiier  liquor  in  a  vacuum  to  formation  of  a  crystalline  paste. 

After  filtration,  the  crystals  of  the  radicals  were  dried  at  room  temperature  in  a  vacuum.  They  dissolved  well 
in  chloroform  and  xylene  witli  a  blue  color,  poorly  in  carbon  tetrachloride.  On  solution  in  benzene  even  in 
10-15  minutes  the  radical  at  room  temperature  changed  markedly  into  the  starting  orange  red  carbazylplcryl- 
aminc  (in  distinction  from  dpph,  which  does  not  dehydrogenate  benzene)  (see  Table  2). 

SUMMARY 

1.  We  have  synthesized  the  previously  undcscribed  free  radicals  of  the  carbazyl  series:  N-(3-chlorocarbazyl) 
picryl  nitrogen  and  N-(3-bromocarbazyl)  picryl  nitrogen. 

2.  By  the  method  of  electron  paramagnetic  resonance  we  have  showed  that  in  a  weak  field  (AH5=20  oersteds), 
N-carbazylpicryl  nitrogen  and  also  its  3-chloro-  and  3-bromo  derivatives  have  in  the  crystalline  form  a  con¬ 
siderably  lower  value  for  the  exchange  reaction  than  a,a-diphenyl-0 -picrylhydrazyland  itscorresponding  halogen 
derivatives. 

3.  We  have  suggested  ideas  on  the  role  of  the  constitutive  and  spacial  factors  which  affect  the  properties  of 
the  carbazyl  radicals. 
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HYDROLYTIC  SPLITTING  OF  SOME  SULFONES 
OF  THE  HETEROCYCLIC  SERIES 

VI.  SYNTHESIS  AND  PROPERTIES  OF  £-NITROPHENYLSULFONYL-N-METHYLBENZIMIDAZOLYL- 
METHANE  AND  £-NITROPHENYLSULFONYLBENZTHIAZOLYLMETHANE 
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As  was  shown  earlier  [1,  2],  heterocyclic  sulfones  which  have  a  sulfoazomethine  group  I  ^G— SO,— R 

undergo  hydrolytic  splitting  when  boiled  with  dilute  alkali  or  acid  according  to  the  scheme 


(2  -^SOj-R  - ♦  HS0,-h 

HOiH 

Among  the  various  heterocyclic  sulfones  p-nitrophenyl-N-mcthylbenzimidazolyl  sulfone  (I)  and  p- 
nitrophenylbenzthiazolyl  sulfone  (II)  were  obtained  [2]. 


C— SO2— <  >— NO, 

'\  / 


U 


V\s/ 


G-S02-<^  NOa 


CII3 


(I) 


(ID 


These  sulfones  are  split  when  heated  to  100*  with  2  N  NaOH  in  half  an  hour  to  the  extent  of  about  50°fo, 
The  reason  for  die  weak  bond  C-S  in  sulfones  of  this  type  is  the  effect  on  this  bond  of  the  nvo  electronegative 

groups,  sulfone  (SO2)  and  azomethine  ^  ^C  -^, which  attract  the  electrons  of  the  bond  in  two  opposite  di¬ 
rections  approximately  the  same  as  occurs  in  chloral.  We  can  assume  that  in  sulfones  which  differ  from  these 
in  that  the  sulfone-group  is  separated  from  the  azomethine  group  by  a  methylene  bridge,  because  of  the  weaken 


-N> 


ing  of  the  electron  acceptor  effect  of  the  SO2  group  and  the  ^C— ,  group,  there  should  be  an  increase  in 
stability  to  hydrolysis. 


To  test  this  assumption  we  synthesized  £-nitrophcnylsulfonyl-N-methylbenzimidazolylmethane  (III)  and 
£-nitrophcnylbcnzthiazolylmethane  (IV). 


C-Cll2-S02-<^' 


■NO, 


(111) 
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In  the  synthesis  of  these  sulfones  we  started  from  the  chloromethyl  derivatives  of  the  benzazolcs  and 
sodium  £-nitrothiophenolate,  which  easily  gave  the  corresponding  sulfides;  tlicse  were  then  oxidized  to  the 
sulfones.  For  bcnzylimidazolc  sulfonc  we  carried  out  two  variants  of  the  synthesis  according  to  tlic  following 
scheme: 


Sulfones  (III  and  IV)  showed  great  stability  to  hydrolysis  in  an  acid  medium.  After  two  hour  heating  at 
100*  in  2  N  HCl  both  sulfones  were  recovered  quantitatively  without  change. 

In  comparative  hydrolysis  in  an  alkaline  medium,  the  benzimidazole  sulfone  (III)  also  remained  unchanged 
and  was  recovered  quantitatively,  but  the  benzothiazole  sulfone  (IV)  heated  with  2  N  NaOH  gradually  resinified 
and  was  converted  to  a  dark,  solid  lump,  that  is,  it  evidently  underwent  some  son  of  condensation, 

EXPERIMENTAL 

l-Methyl-2-hydroxymcrhylbenzimidazole.  2-Hydroxymcthylbenzimidazole  (11  g)  (obtained  from  o- 
phenylcnedianiinc  and  glycolic  acid  [3J)  was  methylated  with  methyl  iodide  (8  ml)  by  boiling  in  an  alcohol 
solution  (20  ml)  with  2  N  NaOH  (25  ml).  After  cooling,  colorless  leaflets  precipitated  from  the  reaction  mass. 
Yield  60 -657a.  M.  p.  125-130*  (from  water),  105*  [4]. 

l-Methyl-2-chloromethylbcnzimidazoIc.  Four  g  of  l-mcthyl-2-hydroxymethyIbenzimidazoIc  was  slowly 
mixed  with  5  ml  of  thionyl  chloride  with  cooling.  At  the  end  of  the  stormy  reaction  we  obtained  a  viscous 
mass  which  gradually  solidified.  The  hydrochloride  was  obtained  in  quantitative  yield,  m.  p.  195-196*.  The 
base  had  m.  p.  94*  (94*  [4]). 

p-Nitrophcnylsulfido-N-methylbcnzimidazolylmcthane.  1)  We  added  gradually  4.5  g  of  l-mcthyl-2- 
chloromcthylbenzimidazolc  to  a  warm  solution  ot  4.5  g  of  sodium  £-nitroiliiophcnolatc  in  70  ml  of  alcohol.  The 
red  brown  solution  of  £-nitrophenolatc  quickly  disappeared  and  the  solution  became  pinkish.  Large  red  needles 
slowly  precipitated.  Yield  5.5  g,  m,  p.  154-155®  (from  alcohol,  yellowish  needles). 

Found  7o:  N  14.26.  CisHiaOzNjS.  Calculated  7,:  N  14.00. 

2)  We  added  gradually  6.2  g  of  2-chloromethylbcnzimidazolc,  in.  p.  165*  [4], to  a  warm  solution  of  7.1  g 
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of  sodium  p-iiitrothloplienointc  lu  100  ml  of  nicohol.  At  the  end  of  the  addition  the  solution  had  decolorized 
and  a  lij’,lit  ycllov;  precipitate  appeared.  Yield  G.7  j:.  M.  p.  214-217*.  Oy  dilution  of  the  filtrate  witit  water 
we  obtained  another  2.5  ^  of  impure  substance  (total  yield  nearly  quantitative).  Insoluble  in  dilute  NaOH  and 
IK.'l.  Soluble  in  j^lacial  acetic  acid  and  alcohol. 

round  N  14.72.  q^iluOjNjS.  Calculated  N  14.73. 

The  thus  obtained  p-nitrophcnylsulfidobenzimidazolylmcthanc  was  methylated  with  methyl  iodide  In  an 
alcoholic -alkaline  medium  by  a  half  liour  boiling,  and  was  converted  in  good  yield  into  a  sulfide  with  rn,  p, 
154-155*,  identical  with  that  obtained  by  method  1. 

p-Nitrop!icnylsulfouyl-N-methylbeuzylimidazolylmethanc.  Five  g  of  the  sulfide,  m.  p.  154-155,*  was 
dissolved  in  loo  mJ  ofgraciaroITcfnr  acid  and  ilic  solution  v;as  cooled  with  ice.  By  drops  we  added  an  aqueous 
KMiiO^  solution,  saturated  cold,  about  50  ml.  The  course  of  the  oxidation  was  followed  by  the  browning  of  the 
permanganate.  At  the  end  of  the  reaction  tlic  brown  mass  was  decolorized  with  a  solution  of  sodium  bisulfite. 
For  precipitation  of  the  sulfoue  we  added  100-150  ml  of  water,  bong  colorless  prisms  precipitated.  Yield 
3.5  g.  M.  p.  223-225*  (from  alcohol).  Poorly  soluble  in  boiling  alcohol,  better  in  glacial  acetic  acid. 

Found N  12.72.  CigliijOaNjS.  Calculated  N  12.65. 

p-Nitrophcf.ylsuIfonylbeuzthiazolylmethanc.  Chloromethylbenztliiazolc  was  obtained  [5J  from  2-hydroxy- 
meiliylbcuztliiazole,  which  in  its  ttiru  was  obtained  from  glycolic  acid  and  o-aminothiophenol  [6],  Eight  g 
of  chloromethylbeuzthiazole  was  dissolved  in  20  ml  of  alcohol  and  gradtially  added  to  a  solution  of  5  g  of 
sodium  p-nitrothiophcnolate  in  50  ml  of  hot  alcohol.  The  reaction  mass  was  boiled  on  a  water  bath  for  half 
an  liotir,  and  from  dark  brown  became  clear  pale  yellow.  On  cooling  there  precipitated  large  red-yellow 
crystals  of  p-uitrophcnylsulfidobcnzthiazolylmethaue.  Yield  G  g.  M.  p.  122-125*.  Poorly  soluble  in  alcohol, 
easily  soltible  in  glacial  acetic  acid  and  dioxane.  After  recrystallization  from  a  mixture  of  alcohol  and  di- 
oxanc(l  :  1),  m.  p.  129-130*. 

Found  N  9.20;  S  21.24.  Ci4Hio02N2S2.  Calculated  °Joi  N  9.27;  S  21.21. 

One  g  of  the  sulfide  with  m.  p.  129-130*  was  dissolved  with  gentle  heating  in  70  ml  of  glacial  acetic 
acid  (5  ml  of  water  was  added  to  prevent  crystallization  of  the  solution  on  cooling).  The  solution  was  cooled 
to  +5"  and  gradually  treated  by  drops  with  a  cold  saturated  solution  of  potassium  permanganate  (about  25  ml). 
At  the  end  of  the  reaction  (appearance  of  permanganate  color)  the  brown  reaction  mixture  was  decolorized 
with  a  solution  of  sodium  bisulfite  and  the  sulfone  was  precipitated  with  water.  Yield  0.7  g.  M.  p.  209- 
210*.  Soluble  in  glacial  acetic  acid,  poorly  in  alcohol,  well  in  dioxane.  After  rccrystallization  from  dilute 
aqueous  dioxane  (1  ;  1),  m.  p.  210-212*. 

Found  ‘7c:  N  8.33;  S  19.18,  18.91.  C14H10O4N2S2.  Calculated  ‘7c;  N  8.38;  S  19.18. 

Hydrolytic  splitting.  A  sample  of  0.50  g  of  the  sulfones  was  heated  in  a  water-salt  bath  at  100*  (in  the 
bath)  with  25  ml  of  2  N  HCl  for  two  hours.  The  sulfone  of  benzimidazole  dissolved  (evidently  with  formation 
of  an  unstable  hydrochloride)  but  on  cooling  it  precipitated  unchanged.  Both  sulfonfis  were  recovered  in  un¬ 
changed  fornj  witli  losses  not  exceeding  0.01  g.  On  heating  in  2  N  NaOH  after  one  hour  the  bcnzothiazole 
sulfone  was  converted  to  a  lump  of  dark  tar;  the  benzimidazole  sulfone  remained  unchanged, 

SUMMARY 

We  have  synthesized  p-nitrophenyl-N-methylbenzimidazolylmcthane  and  p-nitroplienylbenzthiazolyl- 
methane  sulfones.  We  have  shown  that  these  heterocyclic  sulfones  which  contain  tlie  group  ^^C-CH2-S02-R 
are  stable  to  hydrolytic  splitting  in  distinction  from  similar  sulfones  which  contain  the  grouping  '^^C-SOj-R 
which  are  easily  hydrolyzed  at  the  C-S  bond. 
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In  recent  years  chemists  who  have  synthesized  medicinal  preparations  have  devoted  much  attention  to 
compounds  which  contain  two  quaternary  ammonium  groups  in  the  molecule.  Great  significance  has  been 
attaclied  to  long  cliains  which  contain  these  quaternary  ammonium  groups.  With  change  in  chain  length  the 
pliarmacological  properties  of  the  compounds  change.  Thus,  if  the  chain  consists  of  5-7  atoms  [1,  2]  there 
are  often  gangliolytic  properties;  with  increase  in  the  chain  to  9-12  atoms,  as  a  rule,  there  are  curare-like 
actions  [3,  4],  and  if  the  chain  consists  of  10-14  atoms,  the  compounds  sometimes  acquire  anticholinesterase 
activity  (see,  for  example  [5]).  However,  it  often  happens  that  these  properties  in  one  substance  overlap  each 
other,  and  usually  tlicn  one  of  the  properties  predominatcr.  Tims,  for  rxanpto^  esters  of  para  -  and  ortho- 
phthalic  acids  and  triethylhydroxyethyl  ammonium  iodide  have  a  curare-like  action  while  in  strong  degree 
they  show  an  anticholinesterase  action.  It  has  been  shown  that  the  para  isomer  of  this  ester  selectively  blocks 
a  true  cholinesterase,  and  the  ortho  isomer  a  pseudo  one.  This  specificity  of  action  is  apparently  explained 
by  the  difference  in  distance  between  the  ester  carbon  (fixed  by  the  rigidity  of  the  benzene  ring)  in  the  ortho- 
and  para-isorners.  This  difference  is  about  3  A. 


/\ 


T”  U 


/\/' 

1  i 

\/\. 


2.8  A 


CoIl4(COO-CIl2~CIl2-N(C2H5)3UlJ 


We  have  decided  to  synthesize  and  study  substituted  diacctyl  derivatives  of  1,4-  and  1,5-naphthyIene- 
diamincs  which  contain  quaternary  ammonium  groups  in  the  acetyl  portions.  In  this  case,  both  in  the  1,4- 
and  the  1,5-isomcrs,  the  quaternary  ammonium  groups  are  found  in  chains  of  ten  atoms.  Tlte  difference  in 
distance  between  the  fixed  NH  groups  in  these  isomers  is  0.65  A, 
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Pliarniacologic  study  should  establish  whether  the  synthesized  preparations  have  curarc-llkc  and  anti¬ 
cholinesterase  actions;  in  the  presence  of  the  latter  It  would  be  of  interest  to  determine  whether  the  Isomeric 
compounds  of  tiie  1,4-  and  1,5-naphthylcncdlamlncs  have  specific  action  on  pseudo- and  true  cholinesterases. 

As  starting  substances  for  the  synthesis  of  our  compounds  we  used  *,4-  and  1,5-naphthylcnediamines,  The 
syntheses  were  carried  out  by  the  following  scheme: 

SioIMNIUj  — C,ono(NlI-CO-CH2Cl)2  ->  CiolMNlI-CO-CIlj-N  112)2 
(1)  (II)  (i“) 

C,olIo(NH-CO-Cll2— N  RaR'/a  I2. 

(IV) 

*  wherc-NU,=-N:^  ; -N(C,n.),; -N(cn,)„  -R'— cn,and-c,n,. 

The  isomeric  bis-chloroacetyl  derivatives  (II)  were  obtained  by  heating  the  corresponding  naphthylene  - 
diamine  (I)  with  chloroacetyl  chloride  without  a  solvent.  From  the  bis-chloroacetyl  derivative  (II)  by  the 
action  of  the  corresponding  amine  we  obtained  bis-piperidine,  bis-diethylamine,  and  bls-dimethylamine  bases 
of  the  Isomeric  1,4-  and  1,5-naphthylcnediamine  derivatives  (III)  which  by  treatment  with  CH3I  or  C2H5I  were 
then  converted  to  tlie  dimethiodides  and  diethiodides  (IV),  Eight  of  these  compounds  were  chosen  for  pharma¬ 
cological  study*  ,  It  was  shown  that  all  the  compounds  have  definite  curare-like  activity,  but  show  in  much 
greater  measure  anticholinesterase  activity.  This  was  studied  with  respect  both  to  true  and  pseudo  cholines¬ 
terases.  The  results  of  the  pharmacological  study  are  given  in  Table  1,  which  shows  that  specificity  of  the 
preparations  for  true  and  pseudo -cholinesterases  in  some  cases  reaches  1000, 

TABLE  1 


Weight  Concentrations  of  Preparations  Causing-507»  Inhibition  of  Cholinesterases 


1  NH_r.O 

-CH,-R 

21 

n. 

R 

<z>- 

\/Y 

21 

NH-CO-CH,-R 

NH-CO-CII,-R 

True 

Pseudo- 

True 

Pseudo- 

cholinesterase 

cholinesterase 

cholinesterase 

cholinesterase 

+/ - s. 

-N  \ 

4  .  KTO 

1.5  .  10-0 

9  .  10-0 

5.6  .  10-7 

4  .  10-7 

4  .  10-0 

2.5  .  10-5 

3  .  10-8 

-l^(C2ll5)2 

2  .  10-< 

3  .  10-7 

1 

1  .  10-5 

5 .  10-5 

CH3 

-I^(C2H5)3* 

3.5  .  10-0 

2.5  .  10-5 

6.5  .  10-5 

2.5  .  10-0 

.EXPERIMENTAL 

Preparation  of  bis-(chlorcacctylamino)-naphthalcncs  of  the  1,5  and  1,4  series.  We  boiled  1.5  g  (0.01  mole) 
of  the  corresponding  napluhylcnediamine  for  10-15  minutes  with  an  excess  of  chloroacetyl  chlorides  without  a 
solvent.  The  reaction  mixture  was  cooled  to  room  temperature,  the  excess  chloroacetyl  chloride  was  removed 
by  treatment  with  alcohol,  and  tlic  resulting  precipitate  was  filtered  off,  washed  2-3  times  with  alcohol  and 
ether,  and  dried.  The  yield  was  almost  quantitative  (Table  2).  The  resulting  bis-chloroacetylaminonaphtha- 

•  We  take  this  opportunity  to  express  our  thanks  to  A,  V.  Val'dman,  M,  Ya.  Mikherson,  N.  K.  Fruentov,  and 
M,  G,  Bondarev  who  carried  out  the  pharmacological  study. 


31CG 


Calculated,  %  Found, 
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Calculated,  %  Found,  °!o 


G8 


CaH 


Icncs  (both  1,4-  and  1,5-)  were  practically  insoluble  In  ordinary  organic  solvents  and  so  for  further  treatment 
they  were  used  without  rccrystallization.  r 

Amlnation  of  the  bIs-(chloroacctyIamino)-naphthalcncs.  As  the  aminating  agents  we  used  piperidine, 
dlcthylaininc,  and  a  3G'79  aqueous  solution  of  diincthylaminc, 

a)  A  mixture  of  1  g  (0.003  mole  )  of  l,5-bis-(chloroacctylan.ino)-naphthaIene  and  10  ml  of  piperidine 
was  boiled  for  10-12  minutes.  At  first  there  was  almost  complete  solution,  but  then  the  reaction  mixture 
quickly  solidified.  To  tlic  cooled  reaction  mixture  was  added  50  ml  of  water.  The  precipitate  of  1,5-bIs- 
(pIpcridiDoacctylamino)-naphthalenc  (No.  2,  Table  2)  was  filtered  'ff  and  washed  with  water  to  disappearance 
of  piperidine  odor,  dried,  and  recrystallizcd  from  alcohol.  In  an  analogous  way  we  obtained  the  1,4-isomer 
(No.  12,  Table  2)  which  was  recrystallizcd  from  aqueous  alcoliol  (1  :  1). 

b)  A  mixture  of  1  g  (0.003  mole)  of  1,5-bis-chloroacctylaminonaphthalcne  (No.  1,  Table  2)  and  10-12  ml 
of  dicthylaminc  was  placed  in  a  sealed  ampule  wliich  was  heated  for  5-7  hours  on  a  boiling  water  bath.  The 
contents  of  the  ampule  were  poured  into  water.  The  precipitate  of  l,5-bis-(diethylaminoacetylamlno)- 
naphihalcnc  was  filtered  off,  carefully  washed  with  water  to  remove  the  hydrochloride  of  dicthylaminc,  dried, 
and  recrystallizcd  from  aqueous  alcohol  (1  :  1).  In  the  same  way  we  obtained  the  1,4-isomer,  and  also  the 
bis-dimcthylaminc  analog.  These  bases  were  purified  as  follows;  The  contents  of  the  ampule  were  poured 
Into  water  and  tlie  water  solution  was  treated  witli  ether.  After  evaporation  of  the  ether  there  remained  a 
semiliquid  mass  which  was  used  in  the  following  reaction  without  purification. 

Preparation  of  dimethiodides  and  diethiodides  of  the  1,4-  and  1,5-naphthylcnediaminc  diacctyl  derivatives, 
a)  Four  g  (0.001  mole)  of  base  No.  2  or  the  corresponding  base  No.  12  (Table  2)  was  dissolved  in  the  cold  in 
a  minimum  amount  of  acetone  and  to  the  solution  was  added  CH3I  (lOyi  excess).  On  the  next  day  the  reaction 
product  was  filtered,  washed  with  acetone,  and  dried. 

b)  The  reaction  of  bases  No.  5,  8,  15,  18  (Table  2)  with  CH3I  was  carried  out  in  a  sealed  ampule  on  a 
boiling  water  batli  for  5-7  hours.  The  ampule  was  opened,  the  precipitate  was  filtered  off,  washed  with  acetone, 
and  dried. 

The  reaction  of  base  No.  2  (Table  2)  with  C2H5I  was  carried  out  in  the  cold  (sec  process  a).  The  reaction 
of  bases  No.  5,  8,  12,  15,  18  (Table  2)  with  C2H5I  was  carried  out  in  an  ampule  (see  process 

The  resulting  dimethiodides  and  diethiodides  were  purified  as  follows:  Nos,  3,  4,  7,  9  were  crystallized 
from  a  minimum  amount  of  water;  Nos.  6,  10,  13,  14,  16,  17,  19,  20  from  alcohol, 

SUMMARY 

1,  We  have  synthesized  a  series  of  substituted  diacctyl  derivatives  of  1,4-  and  1,5-naphthylencdiamines 
which  contain  two  quaternary  ammonium  groups  in  the  acetyl  portions. 

2,  We  have  shown  that  they  all  have  marked  curare-like,  and  also  considerable  anticholinesterase  action, 

3,  We  have  studied  the  anticholinesterase  action  of  these  compounds  and  shown  that  all  the  derivatives 
of  1,4-naphiliylcncdihminc  selectively  block  the  pseudo-cholinesterases,  and  almost  all  the  derivatives  of  1,5- 
naplithylcncdiamine  block  the  true  cholinesterases.  The  specificity  of  action  of  the  1,4-  and  the  corresponding 
1,5-naphthylcncdiamincs  is  evidently  related  to  the  difference  in  distance  between  the  amino  groups  in  the 
1,4-  and  1,5-napluhylencdiamincs.  These  distances  differ  from  each  other  by  0.65  A, 
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The  present  work  is  a  continuation  of  an  investigation  begun  earlier  [1]  on  the  treatment  of  yeast  sterols 
which  arc  partially  used  in  the  vitamin  industry. 

According  to  the  literature  [2],  yeast  sterols  are  a  complex  mixture  of  crgosterol  (about  50^>)  with  other 
alcohols,  especially  derivatives  of  the  allo-series  of  A^-  and  A®-steroids.  Ergostcrol  is  widely  used  for  the 
production  of  calciferol,  progesterone,  11-coriicosteroids,  etc.,  while  the  "accompanying  sterols"  obtained 
in  its  isolation  arc  waste  products. 

It  was  interesting  to  study  some  reactions  of  the  "accompanying  sterols"  to  see  if  a  mote  rational  use 
could  be  found,  based  on  them,  for  the  yeast  steroids.  One  of  such  reactions  is  the  protection  of  the  hydroxyl 
group  on  C3  by  acylating  it  with  ketene. 

As  is  known,  acylation  reactions  in  a  number  of  steroid  alcoliols  liavc  been  well  studied,  using  the  accepted 
classical  process  which  consists  in  treatment  of  the  sterol  with  20  times  the  amount  of  acetic  anhydride  with 
boiling.  Among  recent  works  there  are  interesting  reports  of  acylation  with  mixtures  of  CH3COOH  and  (CH3C0)20 
in  tlie  presence  of  p-CHjCgHjSOgM  [3],  the  protection  of  the  C3  hydroxyl  group  by  direct  formylation  [4],  acy¬ 
lation  of  steroid  alcoliols  by  diacylamidc  acids  [5],  and  others. 

For  the  identification  of  the  resulting  substances  with  acetates  of  the  "accompanying  sterols"  which  were 
obtained  according  to  [7J  the  products  were  twice  recrystallizcd  from  alcohol,  and  in  them  was  determined 
the  cotitent  of  acetate,  the  melting  point,  and  we  also  took  the  infrared  spectra  in  the  region  1300*1800  cm"^. 
The  source  of  tlie  infrared  radiation  was  a  globe,  and  the  determination  was  carried  out  on  an  IKS-12  spec¬ 
trometer  with  an  NaCl  prism.  For  graduation  of  the  apparatus  we  used  the  normal  values  recommended  in 
tlie  study  [8]. 


The  results  of  spectral  analysis  confirmed  the  identity  of  both  products  of  acylation;  the  absorption  band 
at  1730  cm‘*  according  to[9j  is  characteristic  for  sterol  acetates. 


Substance 

Acetate  Content,  "/i 

M.  P. 

Absorption  maxima  (in  cm"*) 

"Accompanying 
sterols".  Acetates 
prepared  with 

138-146" 

1380,  1419,  1480,  1622 

a)  ketene 

99.6 

91-98 

1377,  1423,  1479,  1638,  1739 

b)  acetic 

99.8 

92-99 

1377,  1422,  1480,  1636,  1739 

anhydride 
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Using  kctcnc  wc  tend  to  carry  out  the  reaction  under  milder  conditions,  which  would  permit  an  Increased 
yield  of  acetates.  Preliminary  experiments  showed  that  sterols  arc  well  acylated  by  kctcnc  In  solutions  In 
nonpolar  solvents  (benzene,  xylene)  even  at  ordinary  temperature, 

EXPERIMENTAL 

The  starting  raw  material  consisted  of  the  "accompanying  sterols",  the  industrial  wastes  from  the  pre¬ 
paration  of  crgosterol  in  the  Leningrad  Vitamin  Factory  No,  2,  Fifty  g  of  crude  sterols  was  dissolved  by  boiling 
In  300  ml  of  9G7o  alcohol;  the  solution  was  filtered  hot  and  left  fo.  crystallization.  The  crystals  which  separated 
were  filtered  and  dried  in  a  vacuum  at  50-G0*.  Wc  obtained  36  g  of  a  light  cream  colored  substance  with  m.  p. 
138-14G*. 

Acylation  was  carried  out  with  ketcnc  obtained  by  pyrolysis  of  acetone  [6]  by  passing  it  through  a  porcelain 
tube  heated  to  G50-700*  over  pieces  of  quartz  glass  (yield  of  ketene  SOT*). 

In  a  round  bottomed,  three  necked  flask  (100  ml)  fitted  with  a  condenser,  thermometer,  and  bubbler  wc 
placed  5  g  of  purified  sterols  and  10  ml  of  dry  xylene.  The  mixture  was  heated  to  full  melting  of  the  crystals, 
and  ketcnc  obtained  from  75  ml  of  acetone  was  passed  into  the  melt  at  85-90*.  The  duration  of  passing  ketene 
was  15  minutes.  The  reaction  product  was  rccrystallized  from  50  ml  of  alcohol  and  dried  in  a  vacuum  at  50-60*. 
We  obtained  5.12  g  of  a  white  substance  with  an  acetate  content  of  97.1T»  (calculated  on  an  average  molecular 
weight  of  425). 


SUMMARY 

1.  We  have  carried  out  and  studied  the  over-all  acetylation  by  ketene  of  a’-  and  A*-sterols  from  bakers 
yeast. 

2.  Wc  have  showed  that  the  use  of  ketene  as  an  acylating  agent  does  not  affect  the  nature  of  the  yeast 
sterols  and  considerably  simplifies  their  acylation  and  keeps  a  very  high  yield, 

3.  We  have  given  the  Infrared  spectrum  of  the  starting  sterols  and  their  acetates  in  the  region  1300-1800  cm"^, 

LITERATURE  CITED 

1.  P,  Bratchanskii,  Nauchn.  Zap.  Uzhgorodsk.  Univ.  22,  173  (1957). 

2.  F,  Reindel  andA.  Weickmann,  Lieb.  Ann.  475,  86  (1929);  H.  Wieland  and  Gough,  Lieb.  Ann.  482,  36(1930); 

H,  Wieland  and  W.  Stanley,  Lieb.  Ann.  489,  31  (1931);  H.  Wieland,  F,  Rath,  and  W,  Benend,  Lieb.  Ann,  548,  19 
(1941);  H.  Wieland  and  G,  Coutclle,  Lieb.  Ann.  548,  270  (1941). 

3.  E.  Oliveto,  C.  Gerold,  L.  Weber,  H.  Jorgensen,  R.  l^user,  and  E,  Hcrschberg,  J,  Am,  Chem.  Soc. 

75,  5486  (1953). 

4.  H,  Ringold,  B.  Lokon,  G.  Rosenkranz,  and  F.  Sonderheimer,  J.  Am.  Chem,  Soc,  78,  816  (1956). 

5.  M,  Cocor,  S.  Mcjcr,  and  E,  Taschner,  Bull.  Acad,  polon.  sci  Ser.  sci  chim,  geol.  et  geogr.  6,  1  (1958). 

6.  Smidlin  and  Bcrgmann,  Bcr.  43,  2821  (1910). 

7.  H.  Wieland  and  "Kl.  Asano,  Lieb.  Ann.  473,  300  (1929). 

8.  A,  Aleksandrov  and  V.  Nikitin,  Uspekh.  Fiz.  Nauk  56,  3  (1959). 

9.  Jones,  Humphries,  and  Dobrincr,  J.  Am.  Chem.  Soc.  71,  241  (1949);  72,  956  (1950);  2820  (1952). 


3172 


THE  SYNTHESIS  OF  NEW  HOMOLOGS  OF  C  Y  C  LO  P  E  N  T  A  D I  EN  E 


T.  I.  Naryshkitja  and  N,  I.  Shuikin 

Institute  of  Organic  Ghemistry,  Academy  of  Sciences,  USSR 
Translated  fromZimrnal  Obshchei  Khintii,  Vol.  30,  No.  10, 
pp.  3205-3207,  October,  1960 
Original  article  submitted  November  30,  1959 


The  great  interest  in  the  liydrocarbons  of  the  cyclopcntadiene  series  is  explained  by  their  high  chemical 
activity.  However,  the  chemistry  of  the  honiologs  of  cyclopcntadiene  in  distinction  from  that  of  cyclo- 
pentadicne  itself  is  almost  unstudied,  because  of  their  slight  availability. 

One  of  the  methods  of  synthesis  of  cyclopcntadiene  homologs  is  the  thermal  decomposition  of  alkylcyclo- 
pcntanediol  diacctatcs,  which  in  their  turn  can  be  obtained  by  oxidation  ofalkylcyclopentenes.  This  method  of 
synthesis  is  somewhat  long,  but  is  desirable,  since  it  docs  not  give  side  products  [1,  2],  Another  method  of  obtain¬ 
ing  homologs  of  cyclopcntadiene  is  the  dchydrobromination  of  dibromocyclopcntanes  [3];  but  this  method  requires 
further  improvement:  the  preparation  by  this  method  of  cyclopcntadiene  and  methylcyclopentadiene  gave  in¬ 
sufficiently  pure  products  and  their  yield  was  small. 

Using  the  ability  of  cyclopcntadiene  to  give  a  mctalloorganic  derivative,  for  example  potassfimi  cyclo- 
pentadicne,  we  can  introduce  alkyl  or  aryl  radicals  in  the  cyclopcntadiene  ring.  However,  this  method  results 
only  in  obtaining  cyclopcntadiene  hydrocarbons  with  substituents  on  the  CH2  group.  Thus  were  synthesized 
homologs  of  cyclopcntadiene  [4]  with  substituents  C2  -C4  in  position  5,  and  also  gem -substituted  cyclopentadlenes 
.[5,6]. 

The  basic  problem  of  the  present  work  was  the  synthesis  of  undescribed  homologs  of  cyclopcntadiene  with 
alkyl  substituents  in  positions  1  and  2.  The  syntlicsis  was  carried  out  in  three  steps  according  to  schemes  (I)  or 
(11). 


Since  none  of  these  steps  in  preparing  hornologs  of  cyclopcntadiene  are  accompanied  by  isomerization 
reactions,  then,  starting  from  known  structures  of  cyclopcntencs  we  can  obtain  alkylcyclopcntadicnes  of  definite 
structure.  Thus,  for  example,  for  1-alkyl-l-cyclopcntcnes  it  is  possible  to  go  to  2-alkylcyclopcntadicncs 
(sc.iemc  I),  while  from  2-alkyl- 1-cyclopentcncs  arc  obtained  homologs  of  cyclopentadienc  with  alkyl  substi¬ 
tuents  In  position  1  (scheme  II). 

Thus  we  have  synthesized  for  the  first  time  1-methyI-,  2-ethyI-,  and  2-n-propylcyclopcntadiencs, 
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EXPERIMENTAL 


1- Methyl  1,3-cyclopcntncliciic  was  synthesized  from  2-meihyl-l-cycIopcntcnc  whicli  was  obtained  in 
fractionation  of  the  products  of  the  contact  reaction  of  cyclolicxanol  with  aluminum  oxide  at  450*;  In  the 
products  alonp,  with  l-mcthyl-l-cyclopcntcnc  [7]  we  found  2-mcih/’-l-cyclopcntcnc  (b.  p.  G5*at  759  mm, 
njj  1.4200,  df  0.7709). 

To  115  g  of  this  hydrocarbon  dissolved  in  575  ml  of  formic  acid  we  added  gradually  with  stirring  190  ml 
of  30^0  liydrogcn  peroxide;  the  temperature  of  the  reaction  mixture  did  not  exceed  30*.  The  resulting  1-mcthyl- 
cyclopcntanc -2,3 -diol  was  extracted  with  ether  and  distilled  in  a  v_euum;  b.  p.  127*  (13  mm),  n^  1.4760  and 
dj®  1.0726.  Yield  94.8  g  (58%), 

To  obtain  the  diacctatc  we  added  gradually  to  a  mixture  of  90.1  g  of  glycol,  246  ml  of  ether,  and  360  ml 
of  dimcthylaniline,  an  amount  of  177  g  of  acetyl  chloride;  the  reaction  mixture  was  boiled  under  reflux  for 
5  hours,  the  reaction  product  was  treated  with  water  and  then  with  dilute  (1  ;  1)  hydrochloric  acid,  washed  with 
1()%  soda  solution,  then  with  water  again,  and  after  drying  with  calcium  chloride  was  distilled  from  a  Claisen 
flask  in  a  vacuum.  We  obtained  88  g,  or  737o,  of  1- mcthylcyclopentane-2,3-dioldiacctate: b.  p.  120* (20  mm), 
n”  1.4430  and  d^®  1.0586. 

The  diacetate  was  pyrolyzed  at  450*  in  a  quartz  tube  filled  with  pieces  of  broken  quartz.  The  product  was 
supplied  to  the  reaction  zone  at  a  rate  of  0.2  hour'^  in  a  stream  of  nitrogen.  The  pyrolyzatewas  neutralized 
with  a  soda  solution,  washed  with  water,  and  dried  with  calcium  chloride.  After  distillation  from  a  rectifying 
column  and  then  through  a  column  with  30  theoretical  plates  we  obtained  14.5  g,  or  33%,  of  l-methyl-1,3- 
cyclopentadiene; 

b.  p.  73.5-74*  (749  mm),  n^  1.4410,  d^®  0.8053,  MR^^  26.26.  CgilgFj.  Calculated:  26.77. 

Found  %:  C  89.68;  H  10.01.  CgH,.  Calculated  %:  C  89.92;  H  10.08. 


The  combination  light  scattering  spectrum*  of  this  hydrocarbon  was  characterized  by  the  following  frequen¬ 
cies  in  cm*^  (the  intensity  of  the  lines  given  on  a  10  point  visual  scale):  235  (2w)*,*273  (0),  323  (3w),  360  (1), 
553  (1),  615  (4),  818  (Iw),  870  (2),  899  (3),  927  (4),  980  (0),  1005  (2w),  1083  (2w),  1101  (6),  1169  (0),  1195  (3), 
1238  (2),  1292  (1),  1356  (5n),  1380  (6),  1450  (3w),  1526  (10),  1577  (0),  1606  (3w),  1634  (1).  1662  (1),  2877  (10), 
2915  (6),  2962  (1),  3056  (2),  3087  (5). 


2-Ethyl -1.3 -cyclopcntadiene  was  synthesized  in  the  same  way  from  1-ethyl-l-cyclopentene  (b.  p.  106- 
107*  at  750  mm,  n^  1.4405,  d^®  0.7976)  obtained  by  the  Grignard  reaction  from  ethyl  bromide  and  cyclo- 
pentanone  followeuby  dehydrogenation  of  the  1-ethyI-l-cyclopeutanol.  As  a  result  of  oxidation  of  105  g  of 
1-eihyl-l-cyclopcntene  we  isolated  89.3  g,  or  637<>,of f cyclopentane -1,2 -diol witli  b.  p.  130-132®  (15  mm), 
n^  1.4770  and  d^®  1.0775.  By  decomposition  of  79  gofl-ethylcyclopcntane -1,2 -diol acetate  (b.  p.  125-126* 
at  10  mm,  n^  1.4467,  d^®  1.0532)  and  treatment  of  the  pyrolysis  product  we  obtained  13.5  g,  or  29%,  of  ethyl- 
cyclopentadiene  which  was  evidently  the  6 -isomer; 

b.p.  104-105*  (748  mm),  n^  1.4625,  df  0.8231,  MR^  31.46.  Calculated:  31.38. 

Found  %:  C  88.87;  H  10.71.  C7H10.  Calculated  %:  C  89.29;  H  10.71. 

The  combination  scattering  spectrum  of  this  hydrocarbon  was  characterized  by  the  following  frequencies 
(in  cm-*);  412  (1),  478  (1),  622  (2w),  810  (2w),  870  (1),  895  (2w),  928  (3w),  950  (Iw),  1002  (Iw),  1062  (1), 

1085  (1).  1105  (7),  1177  (1),  1200  (3),  1224  (0),  1295  (1),  1327  (Iw),  1363  (3w),  1385  (5w),  1448  (3),  1524  (10), 
1580  (4),  1602  (1),  1632  (2),  1655  (4),  1672  (1),  2845  (1),  2906  (3w),  2935  (4),  2969  (5),  3065  (3w),  3088  (5). 


3 -n-Propyl-l,3-cyclopentadienc  was  synthesized  in  an  analogous  way;  from  102  g  of  1-n-propyI-l-cyclo- 


pentene  (b.  p.  130.5®  at  735  mm,  n^  1.4450,  34  0.8025)  we  obtained  81.8  g,  or  61%,  of  l-n-propylcyelopcntane- 
1,2-diol  with  b.  p.  135®  (20  mm),  nj^  1.4780,  d^®  1.0507.  Tlie  diacetate  of  1-n-propylcyclopentane -1,2 -diol 


(b.  p,  135-136®  at  18  mm,  n^  1.4490,  d^”  1.0383)  was  decomposed  pyrolytically  and  converted  to  2-n-propyl- 


.20 


•The  spectral  analysis  was  carried  out  by  Yu.  P.  Egorov  and  G.  K,  Gaivoronskaya,  to  whom  we  express  our 
thanks. 

*  *  w  -  wide,  n  =  narrow,  d  =  doublet. 
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1,3-cyclopciiindicnc.  After  dlstillntion  tluoiij’h  a  column  we  collected  15.1  g,  or  36'7*; 

b.  p.  135-136*  (7d5  mm),  n”  1.4G80,  df  0.8288,  MR^  36.26.  CgllijF:.  Calculated:  36.00. 
Found  C  88.54;  11  10.00.  CgHij.  Calculated  %:  C  88.80;  H  11.20, 

The  combination  scattering  spectrum  of  2-n-propyl-l,3-cyclopcntadicne  gave  the  following  frequencies 
(in  cm-^);  437  (1),  507  (Ow),  628  (Ow),  853  (0),  887  (0),  013  (1),  030  (1),  052  (3),  1031  (2w).  1008  (5w), 

1120  (2),  1205  {4w).  1348  (1),  1382  (4w),  1152  (3d),  1523  (8),  1580  (5),  1603  (3),  1653  (10),  2846  (3),  2875  (7). 
2905  (2),  2034  (4),  2960  (3),  3060  (3),  3088  (4). 

In  all  these  hornologs  of  cyclopcntadicnc  we  found  the  stable  lines  1100,  1523,  1580,  1603,  1654,  3060, 
3088  ern’^  This  shows  the  related  nature  of  all  the  substances  and  also  the  presence  in  them  of  the  cyclo- 
pentadienc  ring  (frcquetic.ics  1100  and  1523  cm'*). 


SUMMARY 

We  have  synthesized  the  undcscribed  l-methyl-l,3-cyclopentadicne,  2-ethyI-l,3-cyclopentadiene,  and 
2-n -propyl -1,3-cyc  lope  nta  diene. 
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THE  SYNTHESIS  OF  HYDROCARBONS 

LXXVl.  CYCLOHEXANES  WITH  THREE  QUATERNARY  CARBON  ATOMS  IN  THE  RING 

R.  Ya,  Levina  and  V.  K.  Daukshas 
Moscow  State  University 

Translated  from  Zluirnnl  Obshchel  Khimii,  Vol,  30,  No.  10, 

pp.  3207-3210,  October,  19G0 

Original  article  submitted  December  7,  1959 


Earlier  [2,  3]  we  described  a  paili  for  the  synthesis  of  cyclohexane  hydrocarbons  with  one  and  two  quaternary 
carbon  atoms*  on  the  basis  of  l,3-dimethyl-l,3-cyclohcxadiene.  In  the  present  work  we  describe  a  general 
method  for  the  synthesis  of  cyclohexane  hydrocarbons  which  contain  three  quaternary  carbon  atoms  in  the  ring, 
separated  by  methylene  groups*  *  ,  1,3,3,5,5-pentamcthyl-l-alkylcyclohexancs. 

For  the  synthesis  of  hydrocarbons  with  this  structure  the  starting  substance  was  a  cyclohcxadienc  hydrocarbon 
which  already  contained  one  quaternary  carbon  atom,  l,l,3,5-tetramcthyl-2,4-cyclohexadienc  (1). 

The  synthesis  was  carried  out  by  the  following  scheme. 


CII3 


CII3CII3 

\/ 


Cll.MRnr 


C1I~/'^ 


+HC1 


CIH  /\/\ci 


(IV) 

U  =  cii„  Ciiuand  iso-C3H7, 


(V) 


The  monohydrochlorinated  derivative  (II)  of  l,l,3,5-tctramethyI-2,4-cyclohcxadiene  was  a  tertiary  un¬ 
saturated  cliloride  of  tlic  allyl  type  (which  did  not  form  the  isomeric  chloride  by  allyl  rearrangement)  and  was 
reacted  with  methylmagncsium  bromide.  To  the  product  of  this  reaction,  l,l,3,3,5-pcntamcthyl-4-cyclo- 
hexene,  (III),  was  added  hydrogen  chloride;  the  resulting  saturated  tertiary  chloride  (IV)  was  reacted  with  alkyl 
magnesium  bromide  in  the  presence  of  a  catalyst,  mercuric  chloride.  The  yield  of  1, 3,3,5, 5-pentamethyl- 
1-alkylcyclohexancs  (V)  in  this  second  Grignard- Wurtz  reaction  was  4  since  under  the  conditions  of  running 
the  reaction  most  of  the  saturated  tertiary  chloride  (IV)  lost  hydrogen  cliloride  and  reverted  to  the  form  of  the 
starting  pcntamethylcyclohcxene  (III);  the  latter  was  again  used  for  the  synthesis  of  the  cyclohexane  hydrocarbon. 


•As  is  known,  cyclohexane  hydrocarbons  which  contain  quaternary  carbon  atoms  in  the  ring  occur  in  various 
petroleum  fractions  [1], 

•  *  Cycloliexancs  with  three  quaternary  carbon  atoms  have  not  been  described  in  the  literature. 
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T,  P.  Surikova  took  pan  in  the  synthesis  of  this  hydrocarbon, 
*  Calculated  ^  85.64,  H  14,36. 


EXPERIMENTAL 


1.1.3.5- Tctrainctliyl-2.4-cyclohcxadicnc  (I)  was  obtained  with  a  yield  of  65'7j  by  the  method  of  Kharasch 
and  Tawney  [dj  by  the  reaction  between  isophoronc  (1,1,3  -trimcthyl-3-cyclohcxcn-5-onc,  b.  p.  212-213* 

at  745  mm,  n^  1.4798,  dj®  0.9235;  obtained  by  tlic  action  of  calcium  carbide  on  acetone)  and  methyl  m.  jncsium 
bromide  with  later  splitting  out  of  water  (potassium  bisulfatc)  from  the  thus  formed  tertiary  unsaturated  alcohol. 
The  diene  hydrocarbon  had  the  following  constants. 

B.  p.  75-77“(45  mm),  nJJ  1.4712,  dj®  0.8139.  Literature  data  [4]:  b.  p.  24-25*  (7  mm),  nJJ  1.4698, 
dj®  0.8152. 

1.1.3.3.5- Pctitamcthyl-4-cyclohcxcnc  (III).  Into  137  g  (1  mole)  of  l,l,3,5-tctramcthyl-2,4-cyclohcxadiene 
(I)  with  cooling  with  snow  and  salt  was  passed  dry  hydrogen  chloride  to  a  weight  of  37  g.  The  resulting  un¬ 
saturated  tertiary  chloride  (II)  (to  avoid  splitting  hydrogen  chloride  from  it)  was  rapidly  diluted  with  ether  and 
added  with  cooling  by  ice  water  to  mcthylmagnesium  bromide  (36  g  of  magnesium,  400  ml  of  ether).  On  the 
next  day  the  reaction  mixture  was  boiled  for  three  hours  and  decomposed  by  pouring  onto  ice  with  the  addition 
of  acetic  acid.  The  residue  obtained  after  distillation  of  the  ether  from  the  washed  and  dried  ether  extract  was 
distilled  over  sodium  and  then  fractionated  on  a  column.  Yield  of  l,l,3,3,5-peniamethyl-4-cyclohexene  70  g 
(45%). 

B.  p.  161-162*  (750  mm),  nJJ  1.4495,  df  0.8020.  Literature  data  [5]:  b.  p.  162.4-162.9*  (760  mm),  nj} 
1.4490,  d5°  0.8041. 

1.3.3.5.5- Pentamc.thyl-l -alkylcyclohcxanes (V).We  shook  152  g  (1  mole)  of  l,l,3,3,5-pentamethyl-4- 
cyclohcxcne  (III)  for  two  days  with  hydrochloric  acid  saturated  (when  cooled  with  ice  water)  with  hydrogen 
chloride.  The  resulting  saturated  tertiary  chloride  (IV)  easily  lost  hydrogen  chloride,  and  therefore  immediate¬ 
ly  after  washing  it  with  water  and  drying,  it  was  introduced  at  12-15*  into  reaction  with  alkylmagnesium  bromide 
(49  g  of  magnesium,  2  moles  of  alkyl  bromide,  and  500  ml  of  ether)  to  which  had  first  been  added  mercuric 
chloride  (8  g).  On  the  next  day  the  reaction  mixture  was  boiled  for  three  hours  and  decomposed  with  2  N  hydro¬ 
chloric  acid.  The  ether  was  distilled  from  the  washed  and  dried  ether  extract;  the  residue  was  boiled  for  0.5 
hour  over  sodium  and  distilled.  We  collected  a  fraction  of  starting  pentamethylcyclohexene  (III)  (about  80% 

of  that  introduced  into  the  reaction)  and  the  above  mentioned  fraction  of  1,3,3,5,5-pcntamethyI-l-aIkyI- 
cyclohexane  (V);  the  latter  was  shaken  for  about  one  hour  with  hot  concentrated  hydrochloric  acid  (for  complete 
removal  of  possible  admixtures  of  mercury  organic  compounds),  washed  free  of  acid,  dried,  distilled  over  sodi¬ 
um,  and  fraetionated  in  a  column  (35  theoretical  plates).  The  isolated  saturated  hydrocarbon  (V)  was  further 
purified  by  chromatography  over  silica  gel.  Yield  of  l,3,3,5,5-pcnt3methyl-l-alkyIeyclohexanes  (V)  was  4- 
8%  on  the  pcntamethylcyelohexane  (III)  introduced  into  the  reaction,  or  20-40%  on  that  used;  the  eonstants 
and  data  of  analysis  arc  given  in  the  Table. 

Judging  by  the  combination  scattering  spectra,  the  synthesized  hexaalkylcyclohexanes  (V)  do  not  contain 
admixtures  of  unsaturated  hydrocarbons. 


SUMMARY 

1.  We  have  worked  out  a  method  for  the  synthesis  of  cyclohexane  hydrocarbons  of  a  previously  undescribed 
type,  which  contain  three  quaternary  carbon  atoms  in  the  ring. 

2.  By  this  method  we  have  synthesized  1,1,3,3,5,5-hcxamcthylcycIohcxane,  1,3,3,5,5-pcntamcthyl-l- 
cthylcyclohcxane,  and  1,3,3,5,5,-pcntamcthyl-l-isopropyIcyclohcxane. 
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We  have  previously  described  the  catalytic  decomposition  (in  the  presence  of  potassium  hydroxide  and 
platinum)  of  alkyl  and  aryltetrahydropyridazines.  We  have  shown  that  the  decomposition  of  aryltetrahydro- 
pyridazines  can  serve  as  a  method  for  the  synthesis  of  arylcyclobutanes  [1*3];  we  could  not  obtain  alkylcyclo* 
butanes  in  an  analogous  way  [4], 

In  the  present  work  we  have  studied  the  possibility  of  using  the  catalytic  decomposition  of  alkylaryl- 
tetrahydropyridazines  for  the  synthesis  of  alkylarylcyclobutanes.  For  this  study  we  have  used  5-niethyl-  and  6- 
metliyI-3-phcnyltctrahydropyridazines,  obtained  by  hydrolysis  of  the  adducts  of  the  corresponding  dienes  with 
azodicarboxylic  esters. 


Call 


0‘»5 


Coll 


G"S 


N  COOC2II5  (Koiralcohol) 


N 


N-COOC2II5  I  Nil 

r/\/  r/\/ 

R’  R’ 

1)  R  =  CH,;  R'=  II  and  2)  R  =  H;  R’  =  CH3 


Methylphenyltctrahydropyridazincs  are  unstable  compounds  which  are  rapidly  oxidized  in  air;  they  were 
characterized  in  the  form  of  their  addition  products  with  phenyl  isothiocyanatc. 


Colls 

I 

/V 

I  C.II.NCS 

Nil  * 


r/\/ 


Coll 


C"5 


N 


r/\/ 


NCNIIC0II3 


This  reaction  showed  at  the  same  time  the  presence  of  one  NH  group  in  each  of  the  tetrahydropyridazines 
(and  hence  also  the  structure  of  the  hydrolysis  products  as  A^-tetrahydropyridazines  [3]), 

Catalytic  decomposition  of  both  mcthylphenyltctTahydropyridazincs  was  carried  out  under  the  conditions 
which  we  used  before  [1-3]  for  the  decomposition  of  the  aryltetrahydropyridazines.  We  showed  that  in  the  re¬ 
action  there  is  evolution  of  a  gas  which  consists  of  nitrogen  and  propylene,  and  we  obtained  a  mixture  consisting 
of  methylphcnylcyclobutane  and  styrene. 
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rS. 


C.H 


Pl,KOH 
-Nl  ' 


A- 


"s 


CHjCH=CH, 


Thus  the  decomposition  of  alkylaryltetrahydropyridazines  occur  analogously  to  the  decomposition  of  aryl* 
A*-tctrahydropyridazincs,  evolving  nitrogen  and  forming  an  intermediate  biradical  which  cyclizes  into  a  cyclo- 
butanc  with  simultaneous  splitting  into  two  ethylene  hydrocarbons. 

The  molar  ratio  (K)  of  the  amount  of  mcthylphcnylcyclobutane  and  styrene  is  determined  by  the  corre¬ 
sponding  amounts  of  nitrogen  and  propylene  in  the  gas  [3]. 

It  was  shown  that  the  value  of  K  depends  on  the  position  of  the  methyl  group  in  the  tetrahydropyridazine 
ring;  in  the  ease  of  6-methyl-3-phcnyl-A**tctrahydropyridazinc,  K=0.5,  and  in  the  case  of  5-methyl-3-tetra- 
hydropyridazine,  K=3.0. 

Distillation  of  the  cyclobutane  hydrocarbons  obtained  In  this  way  in  a  vacuum  column  (80  theoretical 
plates)  showed  that  l-mcthyl-2-pheuyIcyclobuianc  consists  of  a  mixture  of  about  equal  amounts  of  cis-  and 
trans-isomers,  and  l-meihyl-3-phcnylcyclobutanc  contains  807i»  of  the  irans  form.  It  should  be  noted  that  the 
fact  of  preferential  formation  of  the  uans-isomcr  has  analogies  in  a  number  of  dialkylcyclobutanes  [5]. 

All  the  isomeric  mcthylpiicnylcyclobutanes  were  studied  by  the  method  of  combination  light  scattering; 
tlie  spectra  sliowcd  that  the  resulting  hydrocarbons  do  not  contain  unsaturated  impurities.  The  presence  of  the 
four  member  ring  was  confirmed  by  the  characteristic  frequencies  in  the  region  912-950  cm'^. 


EXPERIMENTAL 

The  starting  dienes  were  obtained  from  the  magnesium  organic  compounds  by  the  method  described  for  the 
synthesis  of  I -phcnyl-1, 3-butadiene  [6]. 

1- Phcnyl-l,3-pcntadicne  (from  cinnamaldchyde  and  ethylmagnesium  bromide;  yield  GO^o); 

b.  p.  93-95*  (8  mm),  nJJ  1.G103.  Literature  data  [7];  b.  p.  112-114.5*  (15  mm),  ng  l.Glll. 

2- MethyI-4-phenyI-l,3-butadiene  (from  bcnzalacetone  and  mcthylmagncsium  bromide;  the  yield  varied 
from  15  to  G5'70; 

b,  p.  100-105*  (8  mm);  tn.  p.  35-3G*.  Literature  data  [8]:  m.  p.  37*. 

Adducts  of  azodicarboxylic  esters  with  both  dienes  (1 ,2-dicarbethoxy-A^-tetrahydropyridazincs)  were  ob¬ 
tained  by  mixing  at  0*  solutions  of  equivalent  amounts  of  azodicarboxylic  esters  and  dienes  in  anhydrous  benzene 
or  ether.  The  mixtures  were  kept  for  about  three  hours  at  0*  and  then  stood  overnight  at  room  temperature. 

After  the  solvent  had  bqen  distilled  off,  the  reaction  products  were  isolated  by  vacuum  distillation. 

G -Methyl -3- phenyl- 1 ,2 -dicarbcihoxy- A** -tetrahydropyridazine  (from  1 -phcnyl-1, 3- pentadicnc;  yield  80%); 

b.  p.  194-195*  (8  mm),  m.  p.  74.5-75*.  Literature  data  [9]:  m.  p.  75-7G*. 

Found  %:  N  8.82,  8.88.  C17M22O4N2.  Calculated  %:  N  8.80. 

5- Methyl -3- phenyl -1,2-dicarbctlioxy-A^- tetrahydropyridazine  (from  2 -methyl -4-phenyl- 1,3 -butadiene; 
yield  35%); 

b.  p.  192-193*  (11  mm),  m.  p.  G2-G2.5*. 

Found  %:  N  8.54,  8.74.  C17II22O4N2.  Calculated  7*;  N  8.80. 

2 

Mcthylphcnyl-A  -tetrahydropyridazine  was  obtained  by  hydrolysis  and  simultaneous  decarboxylation  of  the 
adduct  by  the  method  described  in  the  previous  work  (2,  3]. 
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G-Mctliyl-3-pIiciiyI-A*-tctrnIiydropyrid.izinc  (yicUi  GOT*),  b.  p.  160-1G3*(8  mni),  in,p,43*, 

5-McrIiyl-3-plJcnyl-A**tctr.iliyclropyrid.izi(ic  (yield  GG'TO.b.  p.  150-155*  (8  mm). 

Addition  of  mctliyIphct)yltcinbydropyrid.izincs  to  plicnylisothiocy.inatc  (taken  in  excess  [10]),  that  is,  ob¬ 
taining  the  anilide  of  the  corresponding  ihiocarhoxylic  acid,  took  place  with  heatinc.  At  the  end  of  the  reaction 
the  mixture  was  cooled  and  the  resulting  thick  oil  was  washed  with  ligroin  and  50V»  alcohol;  the  residue  was 
recrystallizcd  from  alcohol. 

Anilide  of  6-mcthyl-3-phenyl-A^-tctrahydropyridazine-l-thiocarboxylic  acid,  m.  p.  105-105.5*, 

round  <70:  N  13.28,  13.44,  CiglligNjS.  (.alculatcd  N  13.  53. 

Anilide  of  5-methyl-3-phcnyl -A*-tetrahydropyridazine-l-thiocarboxylic  acid,  m.  p.  131-131.5*. 

l  ound<T9:  N  13.52,  13.52.  C,8H,9N3S.  C:alcnlated  N  13.58. 

2 

Catalytic  decomposition  of  the  ntcthylphcuyl -A  -rctrahydropyridazincs  was  carried  out  by  heating  a  mixtiue 
of  0.1  mole  of  tetrahydropyridaziue  witli  0.2-0.3  g  of  potassium  iiydroxidc  and  0.5  g  of  platinum  catalyst.  Iso¬ 
lation  of  the  liquid  reaction  products  and  analysis  of  tlic  evolved  gases  were  carried  out  by  the  methods  previously 
described  [2,  3]. 

Styrene  was  distilled  from  each  catalyzate,  the  residue  was  heated  with  sodium  for  about  three  hours  and 
vacuum  distilled. 

Decomposition  of  G* methyl -3 -phenyl- A*- tctrahydropyridazinc. 

Composition  of  the  gases;  propylene  417i,  nitrogen  SOT*. 

Styrene:  yield  307*,  b.  p.  G4-6G*  (50  mm),  n^  1.5460. 

l-Mcthyl-2-plicnylcyclobutane  (mixture  of  cis-  and  trans -isomers);  yield  12-15T>;  b.  p.  70-75*{7  mm), 
11^1.5185. 

Pound  C  00.26,  00.35;  H  0.82,  9.84.  CuHi4.  Calculated  C  90.35;  H  9.65. 

Decomposition  of  5 -methyl -3 -phenyl -A^-tetrahydropyridazine. 

Composition  of  gases:  propylene  207*,  nitrogen  807*. 

Styrene:  yield  lOT*;  b.  p.  G4-66"  (50  mm),  nj®  1.5455. 

l-Metliyl-3-phenylcyclobutanc  (mixture  of  cis-  and  trails -isomers);  yield  27'79,  b.  p.  72-80*  (7  mm),  n^ 

1.5170. 

Found  %:  C  90.31,  00.18;  H  0.70,  0.G5.  CuM^.  Calculated  7*:  C  90.35;  H  9.65. 

After  accumulation  of  a  sufficient  amount  of  isomers  of  the  methylphenylcyclobutanes,  each  of  them  was 
distilled  on  a  column*  witli  80  theoretical  plates  to  separate  the  geometrical  isomers. 

The  isomers  with  the  higher  constants  were  assigned  the  cis-configuration  in  accord  with  the  Auwers-Skita 
rule.  The  constants  of  the  geometrical  isomers  are  given  in  the  table. 

SUMMARY 

1.  We  have  showed  that  the  method  of  obtaining  arylcyclobutancs  by  catalytic  decomposition  of  tetra- 
hydropyridazincs  can  be  used  for  the  synthesis  of  alkylarylcyclobuiancs, 

2.  We  have  syntlicsizcd  and  separated  into  geometrical  isomers  l-mcthyl-2-phcnylcyclobutane  and  1-methyI- 
3-phcnyIcyclobutanc. 


•  l-McthyI-3-phenylcyclobutanc  was  first  purified  from  unsaturaicd  impurities  by  heating  with  2,4-dlnltro- 
berzcncsulfonyl  chloride  [11]. 
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Mcthylphcnylcyclobutanes 


Name 

_  1 

B,  p.  (pressure 
in  min) 

1 

"d 

rf20 

‘*4  . 

Mill* 

EMo 

1  “Methyl -2- 

95-95.2®  (15) 

1.5210 

0.9280 

47.99 

0.19 

phcnylcyclo” 
butane  (cis) 

1 -Methyl  “2" 

91.9-92.0  (15) 

1.5140 

J.9136 

48.18 

0.38 

phcnylcyclo- 
butane  (n:ans) 

103-103.5  (15) 

1 -Methyl -3- 

1.5238 

0.9302 

48.09 

0.29 

pheny level o- 
butanc  (cis) 

1 

1 

1 -Methyl -3- 

97.4-97.6  (15) 

1.5150 

0.9109 

48.42 

0.62 

phcnylcyclo- 
butane  (trans) 
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Fiiran  and  its  bomoloj^s  undergo  the  diene  synthesis  only  with  very  active  dienophils  which  have  electron 
acceptor  substituents  on  each  of  the  carbon  atoms  attaclied  to  the  double  bond  [1].  However,  furan  does  not  react 
even  with  such  stifficicnrly  active  dienophils  as  plicnyl-6-benzoylvinyl  sulfone  [2],  bis-phenylsulfonylethylcne 
f3],  quinonc  [4],  and  dibenzoylethyicnc  [5].  Fnran  derivatives  whicli  have  electron  acceptor  substituents  in  the 
ring,  furfurol,  pyromucic  acid,  nitrovinylfuran,  ctc.fG],  do  not  give  the  diene  synthesis  even  with  maleic  anhydride 
which  is  one  of  the  strongest  dienopliils. 

All  of  these  results  can  be  explained  from  the  point  of  view  of  tlie  ionic  mechanism  of  the  diene  synthesis, 
according  to  whicli  the  reaction  begins  with  formation  of  an  ionic  complex  by  transfer  of  electrons  from  the  diene 
to  tlie  dicnophil  to  such  an  extent  tliat  tliis  electron  transfer  is  compensated  by  the  electrostatic  interaction  [7,  8], 
Furan  itself  has  a  weak  electron  donor  character  and  in  order  to  react  requires  a  dicnoplhl  v.Mrh  a  clearly  demon¬ 
strated  electron  unsaturated  double  bond,  such  as  is  found  in  the  most  active  dienophils.  If,  in  the  dienophil,  there 
is  a  substituent  on  the  dotiblc  bond  wliich  lias  the  character  of  an  electron  donor,  then  the  electron  unsaturated 
double  bond  is  not  sufficient  for  its  reaction  witli  furan  [5,  9].  (In  the  other  hand,  in  the  presence  of  an  electron 
acceptor  group  as  the  substituent  iti  the  furan  ring,  the  latter  has  such  a  small  electron  density' that  for  this  reason 
the  diene  synthesis  docs  not  occur  in  these  compounds. 

The  presence  in  the  furan  ring  of  alkyl  substituents  wliich  increase  the  electron  density  in  the  ring  should 
make  possible  the  occurrence  of  tlie  diene  syntliesis.  Hence  it  follows  that  completely  alkylated  furans  such  as, 
for  example,  tctrameihylfnran,  should  be  more  active  in  this  reaction.  A  study  of  the  behavior  of  tetramethyl 
furan  in  the  diene  synihesis  is  the  purpose  of  the  present  work.  We  should  note,  however,  that  there  arc  some  ex¬ 
amples  of  the  diene  synihesis  reaction  in  the  furan  series  which  take  place,  evidently,  not  by  the  ionic  mechanism. 
This  includes  the  reaction  of  fnran  with  ethylene  flO],  vinylene  carbonate  [11],  cyanallenc  [12],  and  with  the 
active  double  bond  in  some  bicyclic  systems  [0,  11].  However,  tlie  largest  number  of  reactions  of  the  diene  synthe¬ 
sis  in  the  furan  scries  are  well  explained  just  from  the  point  of  view  of  the  ionic  mechanism. 

It  is  known  from  the  literature  [13]  tliat  tctramcthylfnran  reacts  with  maleic  anliydride  with  formation  of 
the  corresponding  thermally  stable  adduct.  We  found, that  tetramcthylfuran  reacted  energetically  with  fumaro- 
nitrilc  according  to  the  scheme. 
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In  studying  the  behavior  of  tetramcthylfuran  in  the  diene  syntlicsis  we  felt  it  interesting  to  confirm  quali¬ 
tatively  the  difference  in  reactivity  of  tetramcthylfuran  and  furan  and  to  select  those  dienophils  which  would 
react  with  tetramcthylfuran  and  would  not  react  with  furan. 

We  showed  that  tetramcthylfuran  reacts  with  methylmaleic  nhydridc  with  formation  of  a  crystalline  adduct 
while  furan,  2-mcthylfuran,  and  2,5-dimethyIfuran  do  not  react  with  this  dicnophil.  Chloro-  and  bromomaleic 
anhydrides  also  give  the  corresponding  adducts  with  tctramctliylfuran. 


However,  phenylmaleic  anhydride  does  not  react  with  tetramethylfuran. 

We  also  found  that  phenyl  -  0 -bcnzoylvinyl  sulfonc,  which  docs  not  react  with  furan  [2],  reacts  with  tetra- 
methylfiiran  giving  the  corresponding  crystalline  adduct;  phenyl-6 -acetylvinyl  sulfone  also  reacts  with  tetramethyl 
furan,  but  in  distinction  from  phcnyl-6-bcnzoylvinylsulfonc this  dicnophil  also  reacts  with  furan  itself. 


C5H5S02CH  =  CH-C0R- 

R=CH,,C_«M5. 

CJH5SO2  CH-cncocnj- 


CHj 

CHa'^COR 

CH3 

^  CgHj 

mAcoch, 


Thus,  in  the  examples  of  these  dienophils  we  have  clearly  shown  that  differences  in  reactivity  of  tetra¬ 
mcthylfuran  and  furan  are  quite  large. 

Our  numerous  attempts  to  bring  tetramethylfuran  into  the  diene  synthesis  with  dimethylmaleic  anhydride, 
benzalmalonic  ester,  acrolein,  mcthylisopropenyl  ketone,  aciy'Ionitrilc,  and  cinnamaldchyde  did  not  give  positive 
results.  This  indicates  that  tetramethylfuran,  like  furan,  is  nor  sufficiently  reactive  a  diene  to  react  with  di- 
enopliils  whose  double  bond  is  activated  on  only  one  side  [14-lG]. 

In  this  connection  we  should  make  the  following  remakrs.  In  1958  Wiehnhaus  and  D3sslcp[17]  reacted 
menthofuran  with  acrolein  and  crotonaldchyde,  considering  that  in  these  cases  there  was  a  diene  synthesis.  How¬ 
ever,  it  is  known  [15,  16]  that  in  the  presence  of  small  amounts  of  impurities  of  an  acid  nature,  a,  6 -unsaturated 
aldehydes  and  ketones  react  with  furan  and  2-methylfuran  by  a  type  of  substitutive  addition.  Our  observed  nega¬ 
tive  result  in  the  reaction  of  tetramcthylfuran  witli  acrolein  forces  us  to  consider  the  data  of  these  authors  careful¬ 
ly,  since  in  the  presence  of  the  free  a-position  in  tlie  furan  ringof  menthofuran  the  reaction  of  substitutive  addition 
should  easily  occur.  . 

Hence  a  further  investigation  is  required  to  establish  the  structure  of  the  reaction  product  between  acrolein 
and  menthofuran. 


EXPERIMENTAL 

Trans-dinitrilc  of  3 ,4, 5,6 -tetramethyl -3, G-cndooxo-A^-tctrahydrophthalic acid.  One  g  of  tetramethylfuran 
(b.  p.  145-147“,  "D  1.4561  [lOj)  was  mixed  with  a  solution  of  0.5  g  of  fuinaronitrile  in  8  ml  of  dioxane  and  at 
the  end  of  the  strong  heating,  was  heated  for  10  hours  at  45*.  The  solvent  was  distilled  off  in  a  vacuum  and  the 
residue  was  rccrystallizcd  from  aqueous  alcohol.  We  obtained  1.4  g;  m.  p.  103*;  white  crystals. 

Found  <79;  C  71.13,  70.91;  H  6.81,  6.88.  CijUuONj.  Calculated  <7.;  C  71.40;  H  6.81. 

Anhydride  of  cis-l,3,4,5,6-pcntamcthyl-3,6-cndooxo-A^-tctraliydrophthalic  acid.  One  g  of  letramcthyl- 
furan  in  2  ml  of  ether  was  mixed  with  0.9  g  of  mctliylmalcic  anhydride  in  2  ml  of  ether.  After  a  day  the  crystals 
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were  filtered  off  (sotneiinies  crystallization  had  to  be  induced).  We  obtained  l.G  g;  m.  p.  82*  (front  ether);  wliite 
crystals. 

round  C  G5.93,  G5.84;  11  G.82,  G.77.  CjalljgO.,.  Calculated  ‘’Z#:  C  GG.12;  II  6.77. 

Anhydride  of  cis-l-chloro-3,‘l,5,6-tetranictliyl-3,6-cndooxo-A‘-tetrahydrophth;clic  acid.  We  mixed  0.55  g 
of  tetramcihylfuran  in  2  ml  of  ether  and  0.5  g  of  chloronialcic  aniiydridc  in  2  ml  of  ether  at  -30*;  the  solution  at 
once  became  a  bright  red  which  tlien  changed  to  yellow.  After  standing  a  day  at  20*  the  solvent  was  evaporated 
and  tile  residue  recrystallizcd  from  ether  witli  activated  charcoal.  We  obtained  0J5  g;  m.  p.  8G-87*;  white  crystals. 
When  kept  the  substance  became  pink  and  decomposed. 

round  C  52.35,  52.20;  il  5.39,  5.40;  Cl  14.7.  Ci2Hi304Cl.  Calculated  ‘Z,:  C  52.45;  H  5.49;  Cl  15.1. 

Anhydride  of  cis-l*bromo-3,4,5,6-tctramcthyl-3,6-endooxo-A^-terrahydrophthalic  acid.  We  mixed  0.5  g 
of  tetramcihylfuran  in  2  ml  of  ether  and  0.5  g  of  freshly  distilled  bromomalcic  anliydride  in  2  ml  of  ether  at  -50*. 
The  solution  became  red  and  then  yellow.  After  standing  for  several  days  at  5*  crystals  precipitated,  contaminated 
with  tar.  Tlicy  were  dissolved  in  ether,  treated  with  activated  charcoal,  filtered,  and  to  the  brown  filtrate  ligroin 
was  added  dropwise  to  turbidity;  the  cloudiness  was  dissolved  by  addition  of  ether  and  the  solvent  was  slowly  evapo¬ 
rated.  Crystals  separated  and  were  crystallized  from  a  mixture  of  ether-ligroin.  We  obtained  0.4  g;  m,  p.  71-72*; 
white  crystals  which  rapidly  turned  pink. 

Foundry,:  C  44.38,  44.48;  II  4.63,  4.59.  Ci2Hi304Br.  Calculated  7#:  C  44.26;  H.  4.62. 

3.4.5. 6- Tctramethyl-3,6-cndooxo-2-acctyl-A^-cyclohexcnyl  sulfone.  We  dissolved  0.4  g  of  phenyI-3- 
acetylvinyl  sulfone  in  6^5  g  of  ictramethylfuran.  Iteaction  occurred  with  heating  and  the  mixture  quickly  crystal¬ 
lized.  We  obtained  0.6  g;  m.  p.  97"  (from  anhydrous  methanol);  white  needles. 

round  %:  C  64.57.  64.61;  11  6.83,  6.85.  Ci3H2204S.  Calculated ‘7*:  C  64.63;  H  6.65. 

3,G-Fudooxo-2-acetyl-A'*-cyclohcxcuylphcuyl  sulfone.  We  dissolved  0.2  g  of  phenyl -0 -acetylvinyl  sulfone 
in  1  ml  of  futan,  allowed  it  to  stand  for  2  days  at  20*  and  evaporated  the  excess  furan.  We  obtained  0.26  g  of 
adduct  witli  m.  p.  107’  (from  anhydrous  methanol);  white  needles, 

round'’/,:  C,60.65.  60.50;  II  5.35,  5.23.  Ci.,HnO,tS.  Calculated  %;  C  60.42;  H  5.07. 

3.4.5.6- Tetramethyl-3,6-cndooxo-2-benzoyl-A'*-cyclohcxcnylphenyl  sulfone.  We  added  0.7  g  of  tetra- 
mcthylfuran  in  0.5  ml  of  benzene  to  a  solution  of  1.3  g  of  phcuyl-3 -bcnzoylvinyl  sulfone  (m.  p.  115’)  in  10  ml 
of  benzene  and  left  it  for  three  days.  Then  wo  evaporated  the  solvent  almost  dry  in  a  vacuum  and  filtered  the 
crystalline  residue;  it  was  washed  on  the  filter  witli  anhydrous  methanol.  After  crystallization  from  anliydrous 
methanol  we  obtained  0.8  g.  When  heated,  the  adduct  decomposed  into  its  components  and  melted  at  115*  (the 
m.  p.  of  phenyl  -  0 -bcnzoylvinyl  sulfone). 

Found C  69.92;  H  6.08.  C23H2.AS.  Calculated  <7,:  C  69.67;  H  6.10. 

SUMMARY 

1.  Starting  from  the  idea  of  the  ionic  mechanism  for  the  course  of  the  diehe  synthesis  in  the  furan  series, 

we  have  showed  that  tetramethylfuran  is  a  more  active  diene  than  furan.  As  confirmation  of  the  qualitative  differ¬ 
ences  in  reactivity  of  tetramethylfuran  and  furan  we  have  the  positive  result  of  the  reaction  of  tetramethylfuran 
with  methyl-,  chloro-,  and  bromomaleic  anhydrides  and  also  with  phenyl-fl -benzoylvinyl  sulfone,  with  which 
furan  does  not  react, 

2.  Tetramethylfuran  does  not  react  with  dicnophils  whose  double  bond  is  activated  on  only  one  side,  as 
occurs  in  the  case  of  acrolciu  and  acrylonitrile, 
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The  synthesis  of  symmetrical  diamines  of  the  furan  series  was  recently  described  by  Gill  and  Ing  [1]  who 
aminomethylated  dimethylamine  witli  dimethylfurfiirylamine  hydrochloride  and  obtained  2,5-bis(dimethyIamino- 
mcthyl)furan  (TO^a  calculated  on  the  reacting  amine).  A.  L.  Mndz.hoyan  and  co-workers  [2]  carried  out  the  syn¬ 
thesis  of  2,5-bis(dipropyIaminometliyI)furan  based  on  the  methyl  ester  of  pyromucic  acid. 

We  have  sliown  in  our  work  that  the  reaction  of  2,5-bis(chIoromctb.yl)furan  with  secondary  amines  (aliphatic, 
alipliatic-aromatic,  heterocyclic)  gives  the  corresponding  N-subsiitutcd  2,5-bis(aminomcthyI)furans  in  sufficient¬ 
ly  good  yields.  Tlius,  in  the  action  on  2,5-bis(chloromctliyl)furan  (I)  of  dimethyl-  and  diethylamjne,  N-ethyl- 
anilinc,  pyrrolidine,  pipcriditie,  and  morpholine,  wo  obtained  the  corresponding  2,5-bis(dimethyIaminomethyl) 
furan  (75.5</a)  [3],  2,5-bis(dicthylaminomethyl)furan  (61'y(.)(3],  2,5-bis(N-cthyl-N-phenylaminomethyI)furaa 
(dO/a),  2,5-bis(N-pyrrolidinomctliyl)furan  (G5>7»),  2,5-bis(piporiiiiuomeiliyl)  iuiaii  (Vd.o/«)LoJ,  ana  d,y-bi-(M- 
morpholinometIiyl)furan  (62‘’/(j)  [3]. 


ClClb 
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To  obtain  the  diprimary  diamines  of  the  furan  series  we  reacted  2,5-bis(chIoromethyI)furan  with  potassium 
phtlialimidc  and  by  the  action  of  hydrazine  hydrate  [4]  on  the  resulting  diphtlialidc  wc  obtained  2,5-bis(amino- 
mcthyl)furan  with  a  yield  of  407«. 


(I) 


C,H.(CO),NK 


Cr.Il4((':0)2NCIl2-'l  ^jl-Cll2N{CO)2Con4  --->II2NC1I2-\q/— CIIaNlIi 


EXPERIMENTAL 

2,5-bis(N-cthyl-N-phenyIaminomcthyl)furan.  We  added  8.5  g  of  2,5-bis(chIoromethyl)furan  in  ether  drop- 
wise  to  a  mixture  of  10.5  g  oi  freshly  distilled  cthylaniline  and  9.1  g  of  powdered  potassium  liydroxide.  After 
heating  for  a  half  hour  at  40-45*  and  12  liouts  standing,  the  mixture  was  treated  with  50  ml  of  water,  the  ether 
layer  was  separated  and  the  water  was  extracted  with  ether.  The  other  extract  was  dried  with  sodium  hydroxide. 
After  distillation  of  the  ether  the  solid  residue  was  treated  with  alcohol.  We  obtained  6.0  g  (40’’/»)  of  colorless 
'rystals;  m.  p.  49-50*. 
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Found  C  79.10,  79.12;  H  8.03,  7.80;  N  8.2G.  8.51.  CaHjfiONj.  Calculated  ‘7.;  C  79.00;  H  7.84;  N  8.38. 

It  did  not  font)  a  crystalline  dlplcrate  or  dlmethiodide. 

2,5*nis(N-pyrrolidinoincthyl)furan.  To  a  mixture  of  10.1  g  of  pyrrolidine  and  8.5  g  of  powdered  potassium 
hydroxide  with  periodic  cooling  witii  ice  water  we  added  dropwise  over  20  minutes  8.25  g  of  (I)  in  10  ml  of 
absolute  ether.  After  12  hours  water  was  added  to  solution  of  the  precipitate  and  the  water  layer  was  extracted 
with  ether.  The  etiier  extract  was  dried  with  potassium  hydroxide;  after  distillation  of  the  ether,  the  residue  was 
distilled  in  a  vacuum.  We  obtained  7  g  (C2^7«)» 

B.  p.  1G3-164*  (10  mm),  n”  1.511G,  d/®  1.01G3,  MR^  68,75.  Ci4H220N2r2.  Calculated  68.84. 

Found  %:  C  72.20.  72.02;  H  9.51,  9.52;  N  11.92,  11.91.  C14H22ON2.  Calculated  %.  C  71.79;  H  9.40;  N  11.96. 

The  dimethiodlde  was  obtained  by  adding  methyl  iodide  to  an  alcoholic  solution  of  the  amine;  m,  p.  152- 
154*(from  anhydrous  alcohol). 

Found  7o;  C  37.05,  37.14;  H  5.72,  5.66.  Cjg^ONjIa.  Calculated  C  37.06;  H  5.40. 

The  dipicrate  precipitated  when  saturated  alcoholic  solutions  of  the  reagents  were  mixed;  m.  p.  173-174* 

(from  alcohol). 

Found  7,:  C  45.08,  45.27;  H  4.02,  4.02.  CzfiHjgOuNg.  Calculated  7,:  C  45.09;  H  4.04. 

2.5- Bis(phthalimidomcthyl)furan.  A  mixture  of  9.9  g  of  2,5-bis(chloromethyl)-furan  and  22.2  g  of  potassium 
phtlialimide  in  100  ml  of  freshly  distilled  dimethylformamide  was  boiled  for  three  hours  in  a  flask  with  a  reflux 
condenser.  The  crystals  which  precipitated  on  cooling  w'crc  filtered  off,  washed  with  dimethylformamide,  and 
treated  with  200  ml  of  cold  water.  We  obtained  18  g  (16^);  m.  p.  282-283*,  colorless  erystals  w'hich  sublimed 

in  a  vacuum. 

Found  79;  C  68.42,  68.53;  H  3.81,  3.69.  C22H14O5N2.  Calculated  7o:  C  68.39;  H  3.62, 

2.5- Bis(aminomethyl)furan.  A  mixture  of  32  g  of  diphthalide  and  9.6  g  of  857i»  hydrazine  hydrate  in  200  ml 
of  alcohol  v/as  boiled  for  two  hours.  After  cooling,  the  precipitate  v;as  crushed  and  the  mixture  was  boiled  for 
one  hour  more;  then  it  was  cooled  and  to  it  was  added  50  ml  of  concentrated  hydrochloric  acid.  The  precipitate 
of  phthalyl  hydrazine  was  filtered  off  and  washed  with  alcohol.  The  alcohol  solution  was  evaporated  in  a  vacuum 
to  dryness,  and  the  residue,  2,5-bis(aminomeihyl)furan  dihydrochloride,  was  treated  with  30  g  of  sodium  hydroxide 
and  30  ml  of  4(^/9  sodium  hydroxide.  The  brown,  oily  layer  which  separated  was  extracted  three  times  with  di- 
cthylamine  (40  ml).  After  drying  with  sodium  hydroxide  and  distilling  off  the  diethylamine  in  a  vacuum,  the 
residue  was  distilled  in  a  stream  of  nitrogen.  We  obtained  4.2  g  (407o)  of  a  colorless  liquid  which  fumed  in  air. 

B.  p.  105-106"  (6  mm),  87-88*  (2  mm),  n|J  1.5280,  d^®  1.1363,  34.14.  CgHioONgFz.  Caleulated;  35.26. 

Found  7*:  C  56.74,  56.68;  H  8.21,  8.18;  N  22.20,  22.03.  CgHigONj.  Calculated  7«;  C  57.12;  H  7.99-  N  22.21. 

The  dipicrate  did  not  melt  sharply  and  decomposed  above  200*. 

Found  79:  C  37 .2Q,  37.43;  H  2.98,  2.96.  CigHisOisNg.  Calculated  7.;  C  37.0;  H  2.76. 

2.5- Bis(N-phcnyli}reidbmethyl)furan,  obtained  by  the  action  of  phenyl  isocyanate  ou  2,5-bis(aminomethyl)- 
furan,  was  washed  with  ligroiii;  m.  p.  234-235"  (from  anhydrous  alcohol). 

Found  7,:  C  65.67,  65.59;  H  5.58,  5.62.  C2ijn2oOCN4.  Calculated  7*:  C  65.92;  H  5.53. 

2.5- Bis(hen7,oylaminomethyl)furan  was  obtained  by  mixing  an  ether  solution  of  benzoyl  chloride  and  an  ether 
solution  of  2,5-bis(aminomethyl)furan  in  the  presence  of  potash;  m.  p.  139*  (from  anhydrous  benzene). 

Found  7,:  C  72.12,  72.20;  H  5.76,  5.49.  CjoHjgOgNj.  Calculated  7»:  C  71.84;  H  5.43. 

SUMMARY 

Tlie  reaction  of  2,5-bis(chloromcthyl)furan  with  secondary  aliphatic,  aliphatic-aromatic,  and  heterocyclic 
amines  is  a  general  mctliod  for  obtaining  tlie difficultly  available  symmetrical  tertiary  diamines  of  the  furan 
series;  the  reaction  with  potassium  phtlialimide  permits  preparation  of  a  related  substance  among  the  diamines  of 
this  type,  the  primary  diamine,  2,5-bis(aminomethyl)furan. 
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Previously  we  studied  the  kinetics  of  the  reaction  of  electrophilic  substituents  on  saturated  carbon  atoms  In 
the  case  of  the  symmetrization  reaction  of  ethyl  and  I  memhyl  esters  of  a-bromomercurlphenylacetic  acid 
[1.  2]. 

To  study  the  effect  of  polar  and  spacial  factors  on  the  rate  of  this  reaction,  we  chose  as  model  substances 
mercury  organic  salts  of  the  general  formula 

p-XC6H4CH(HgBr)COOR, 

where:  X=H,  R=CH3;  X=H,  R=(CH3)2CH;  X=H,  R=(CH3)3C;  X=H,  R=C9Hi9;  X=Br,  R=C2H5;  X=C1,  R=C2H5;  X=CHs, 

R=C2H6. 

All  the  mercury  organic  salts  were  first  obtained  by  the  previously  studied  reaction  of  metallic  mercury  and 
the  corresponding  bromoderivative  [3], 

p-XC6H4CHBrCOOR+Hg-*p-XQH4CH(HgBr)COOR 

Methyl  bromomercuriphenylacetate  and  ethyl  p-bromo-a-bromomercuriphenylacetate  were  symmetrized 
by  ammonia  in  dry  chloroform. 

p-XCclUCn-COOR 

2p-XC6ll4ClI(llgI3r)COOR  +  2Nn3  — V  Hg  -f  (NH3)2ngBr, 

p-xcr,n4-cn-cooR 

The  starting  bromoderivatives,  the  esters  of  a-bromoarylacetic  acids,  were  first  obtained  from  the  corre¬ 
sponding  arylacetic  acitls  by  the  Hell- Volhardt-Zelinskii  reaction  [4-14]  with  later  treatment  of  the  resulting 
acid  bromide  by  alcohols. 

p-XCeluCIlaCOOll  — p-XColUCflRrCORr  — p-XCelUCURrCOOR 
EXPERIMENTAL 

Isopropyl  a-bromophcnylacciate.  To  a  dilute  mixture  of  56  g  (0.46  mole)  of  phcnylacetic  acid  and 
3.6  g  (0.116  mole)  of  red  phosphorus  was  added  with  stirring  42  g  (0.26  mole)  of  bromine  and  the  mixture  was 
heated  1.5  hours  on  a  water  bath,  after  which  another  69  g  (0.43  mole)  of  bromine  was  added.  The  mixture  was 
heated  until  evolution  of  bromine  vapors  stopped,  and  then  50  g  (0.84  mole)  of  isopropyl  alcohol  was  added  to 
It  and  the  mixture  was  heated  for  four  hours.  The  product  was  extracted  with  ctlier,  washed  with  water,  dilute 
soda  solution,  and  with  water  again,  dried  over  sodium  sulfate,  and  vacuum  distilled.  Yield  CA°Jo.  B.  p,  125-130* 
(15  mm). 
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Noiiyl  CY-broiDopliriiyIncctnte  wns  obtained  from  3G  (0.13  mole)  of  nt-bromophcnylacctyl  bromide  and 
37  g  (0.25  moU;)  of  noiiyl  alcohol.  Treatment  and  isolation  of  the  resulting  product  were  carried  out  by  the 
rnetliod  described  above.  Yield  7d'7».  B.  p.  185-190*  (9  mm). 

Tert-bntyl  a-bromophenylacetate  was  obtained  by  an  analogous  method.  Yield  72'’/o.  B.  p.  Id3-ld5*(6  mm). 

Ethyl  p-bromo-a-bromophenylacetate.  To  a  mixture  of  35.7  g  (0.17  ntole)  of  p-bromophenylacctic  acid 
[15-17J  and  1.2G  g  (0.011  mole)  of  red  phosphorus  in  dry  chloroform  with  stirring  was  added  8.5  ml  (0.16  mole) 
of  bromine.  Tlie  mixture  was  heated  for  1.5  hours  on  a  water  baili,  after  which  8.8  g  (0.17  mole)  more  bromine 
was  added.  The  mixture  was  heated  until  evolution  of  bromine  vapor  stopped,  19.4  ml  (0.34  mole)  of  anhydrous 
alcohol  was  added,  and  tlie  mixture  was  heated  for  four  hours  more.  The  product  was  extracted  with  etlier  washed 
with  water,  with  dilute  soda  solution,  and  witlt  water,  dried  over  sodium  sulfate,  and  vacuum  distilled.  Yield 

757.. 

B.  p.  134-136*  (8  mm),  df  1.6255,  1.5349,  61.65;  calc.  61.96. 

Found ‘7(,:  C  37.49,  37.72;  II  3.10,  3.19.  Cionio02f^r2*  Calculated '7a:  C  37.27;  H  3.13. 

In  an  analogous  way  we  obtained  the  two  following  substances. 

Ethyl  a-bromo-p-tolylacctate  from  p-tolylacetic  acid  [18-20]  with  a  yield  of  l&’Jt, 

B.  p.  126-128*  (1.5  mm),  df  1.3530,  nJJ  1.5353,  MR^  59.17;  calc.  58.82. 

Found  C  51.85,  51.99;  H  5.11,  5.06.  Culli302Br.  Calculated  C  51.38;  H  5.09. 

Ethyl  p-chloro-a-bromophcnylacctate  from  p-chlorophcnylacctic  acid  [21]  with  a  yield  of 

B.  p.  147-148*  (5  mm),  n|^  1.5503,  df  1.5400,  MR^  57.24;  calc.  57.07. 

Found  C  43.65,  43.85;  H  3.84,  3.76.  CiqHio02ClBr.  Calculated  ‘7o:  C  43.25;  H  3.62. 

Methyl  a-bromomercuriphcnylacctatc.  Eighteen  g  (0.08  mole)  of  methyl  a-bromophcnylacetate  was  shaken 
for  two  hours  with  81  g  (0.4  mole)  of  metallic  mercury.  The  product  was  extracted  with  hot  acetone.  Yield 
807a.  M.  p.  92.5-94*  (from  alcohol). 

Found  7a:  C  25.72,  25.73;  H  2.35,  2.30.  CglljOzBrHg.  Calculated  7a:  C  25.23;  H  2.16, 

In  an  analogous  way  were  obtained  the  following  five  substances. 

Isopropyl  «-bromomercuriplicnylacetate  with  a  yield  of  687a.  M.  p.  84-85*  (from  alcohol). 

Found  7o:  C  28.78,  28.78;  112.97,3.08.  CuHi302BrHg.  Calculated  7a:  C  28.86;  H  2.86. 

Tcrt-butyl  a-bromomcrcuriphenylacetatc  with  a  yield  of  437i».  M.  p.  141-142*  (from  alcohol). 

Found  7a;  C  30.47,  30.45;  H  3.19,  3.10.  Ci2Hi502BrHg.  Calculated  7*:  C  30.50;  H  3.20. 

Nonyl  a-bromomcrcuriphenylacctatc  with  yield  of  337a,  Yellow  oil. 

Found  7a:  C  37.99,  37.59;  H  4.35,  4.28.  Ci7H2502BrIIg.  Calculated  7a:  C  37.68;  H  4.66. 

Ethyl  p-chloro-a-bromomcrcuriplicnylacctatc  with  yield  of  41>’/a.  M.  p.  120-120.5*  (from  alcohol). 

Found  7o:  C  22.93,  23.09;  H  2.04,  2.17.  CioMio02Br2Hg.  Calculated  7a:  C  22.98;  H  1.93. 

Ethyl  p-chloro-a-bromomcrcuriphenylacetatc  with  yield  of  347«.  M.  p.  111-111.5’  (from  alcohol). 

Found  7a:  C  25.47,  25.48;  11  2.28,  2.36.  CioilioOjClBrllg.  Calculated  7a:  C  25.11;  H  2.11. 

Ethyl  «-bromomcrciiri -p-tolylacctatc  was  obtained  by  shaking  ethyl  a-bromo-p-toIylacctatc  with  metallic 
mc.cury  in  the  presence  of  benzoyl  peroxide  (a  small  amount  of  the  ester  was  first  heated  with  the  peroxide) 
wi  'i  a  yield  of  157a.  M.  p.  144.5-145*  (from  alcohol). 

Found  7,:  C  29.19,  28.99;  11  3.08,  2.95.  CjiIlijOjBrHg.  Calculated  7a:  C  28.86;  H  2.86. 
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a  -  Mercury  •  t>is(nu:thyl  plK-iiylncctaic).  In  a  solution  of  5  g  (0.01  mole)  of  methyl  a-bromomcrcuriphcnyl- 
acetate  in  dry  chloroform  in  ilic  cold  was  passed  a  stream  of  dry  ammonia  for  10  minutes.  The  precipitate  of 
(NH3)2Hgl>r2  whicli  formed  was  filtered  off,  the  filtrate  was  evaporated  in  the  dark;  the  oil  which  remained  after 
evaporation  of  the  chloroform  gradually  crystallized.  The  crystals  were  washed  v/ith  cold  ligroin  and  methyl 
alcohol.  Yield  74%.  M.  p.  140-14r  (from  alcohol). 

Found  %;  Hg  40.56,  40.42.  CjoHiaO^Mg.  Calculated  %:  Hg  40.21. 

In  an  analogous  way  was  prepared  a-mcrcury*bis(cihyl  p-bromophcnylacetatc)  with  a  yield  of  80%.  M.  p. 
124*125*  (from  alcoliol. .  ' 

Found  %:  C  35.34,  35.45;  H  2.86,  2.87.  C2oH2204B*Jg-  Calculated  %:  C  35.08;  H  2.95. 

SUMMARY 

1.  We  have  synthesized  for  the  first  time  the  mercury  organic  salts  of  the  type  p-XCeH4CIl(HgBr)COOR, 
where:  X=H,  R=C1]3;  X=H,  R=(CH3)2CH;  X=H,  R=(CIl3)3C;  X=H,  8=091115;  X=Br,  8=02115;  X=C1,  R=C2H6;  X=CH8, 
R=C2H6. 

2.  The  symmetrization  of  methyl  o'-bromomcrcuriphcnylacetatc  and  ethyl  ct-bromomercuri-p-bromophenyl* 
acetate  by  ammonia  in  chloroform  has  given  for  the  first  time  a-metcury-bis(methyl  phenylacetate)  and  a-mercu- 
ry*bis(cthyl  g-  bromophenylacetaie). 
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In  the  liquid  phase  oxidation  of  dialkylbenzenes  there  are  a  fairly  large  number  of  reports,  chiefly  in  the 
patent  literature;  the  main  attention  has  been  directed  to  the  autooxidation  of  p-cymene  [1],  The  oxidation  of 
aromatic  hydrocarbons  with  tv/o  different  alkyl  radicals  has  been  especially  poorly  studied. 

The  oxidation  of  p-scc-butyltoluenc  has  been  considered  in  a  work  [2]  where  the  authors  on  the  basis  of  an 
analysis  of  the  products  of  splitting  with  hydroperoxide  showed  that  both  radicals  are  oxidized;  however,  in  this 
paper  quantitative  data  on  the  degree  of  oxidation  of  both  alkyl  groups  are  lacking. 

The  present  work  studies  the  autooxidation  of  p-sec -butyl- 
toluene  witli  quantitative  determination  of  the  products  of  acid 
splitting  by  hydroperoxide  and  also  of  the  products  obtained  in  the 
oxidation  of  p-sec-butyltoluene  to  complete  disappearance  of  the 
hydroperoxide  from  the  reactiou  mass.  The  uxidatiou  was  studied 
at  various  temperatures  and  it  was  shown  that  the  most  favorable 
was  110*.  As  initiator  of  oxidation  we  used  magnese  resinate  with 
additions:  calcium  hydroxide,  sodium  hydroxide,  cobalt  acetate, 
sodium  stearate,  which,  as  had  been  shown  before  [3],  have  a  fa¬ 
vorable  effect  on  the  depth  of  autooxidation;  we  also  used  86^/® 
isopropylbenzene  hydroperoxide.  As  the  figure  shows,  the  most 
energetic  oxidation  occurs  in  the  presence  of  manganese  resinate 
and  isopropylbenzene  hydroperoxide  (after  six  hours  the  maximum 
concentration  of  hydroperoxide  was  9.57»).  In  the  presence  of  alka¬ 
li,  the  hydroperoxide  initiates  oxidation  much  more  slowly.  The 
addition  to  the  manganese  resinate  of  cobalt  acetate  and  sodium 
stearate  raises  the  total  yield  of  products  of  oxidation,  but  the 
maximum  concentration  of  hydroperoxide  in  this  case  does  not 
exceed  \°J», 

In  the  oxidation  of  p-sec-butyltoIuene  in  the  presence  of  manganese  resinate  and  calcium  hydroxide  (rate 
of  passing  air  18  liters/hour  and  a  time  of  33  hours)  after  treatment  of  the  reaction  mass  with  concentrated  hydro¬ 
chloric  acid,  we  isolated  p-mcthylacctopheuouc,  p-crcsol,  p-tolylmcthylcthyl  carbinol,  p-acetylbcnzoic  acid, 
p-scc-butylbenzoic  acid,  and  p-scc-butylbenzyl  alcohol  in  molar  ratios  of  22.2  :  5.8  :  8  :  2.6  ;  18  ;  1, 

In  the  oxidation  of  p-scc-butyltoIucne  in  the  presence  of  manganese  resinate,  sodium  stearate,  cobalt  acetate, 
st  Uum  hydroxide,  and  calciiun  hydroxide  the  rate  of  passing  air  was  18  liters/hour,  time  89  hours,  and  p-mcthyl- 
acetophenone,  p-tolylmcthylcthyl  carbinol,  p-acetylbcnzoic  acid,and^-sec-butylbcuzyl  alcoliol  were  isolated  la 
molar  ratios  of  37.5  :  15  :  6  :  40.5  :  1,  respectively. 

Thus,  in  p-scc-biityltolucnc  oxidation  occurs  on  the  primary  carbon  atom  of  the  methyl  radical  with  for- 
.  'ation  of  p-scc-butylbcnzyl  hydroperoxide,  and  also  on  the  tertiary  a-atom  of  carbon  of  the  secondary  butyl 


0) 


Rate  of  oxidation  of  p-sec-butyltoluene 
at  110*.  In  the  presence  of  1)  manganese 
resinate;  2)  manganese  resinate  and  cal¬ 
cium  hydroxide;  3)  manganese  resinate, 
sodium  hydroxide,  and  isopropylbenzene 
hydroperoxide;  4)  manganese  resinate  and 
isopropylbenzene  hydroperoxide. 
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radical  wlih  fornintion  of  a-inctliyl-a-ciliyl-p-mcthylbciszyl  hydroperoxide.  Here  oxidation  of  the  secondary 
butyl  radical  in  the  presence  of  manganese  rcsinate  and  alkaline  additions  occurs  1.8  times  faster  than  of  the 
methyl  radical,  and  In  the  presence  of  magnesium  rcsinate,  sodium  stearate,  cobalt  acetate,  and  alkaline  ad¬ 
ditions,  \,7  times  fastci  /.ithout  considering  the  p-acctyibcnzoic  acid,  which  can  result  from  oxidation  of  p- 
mcthylacctophenonc  [4]  and  from  n-scc-butylbenzoic  acid). 

EXPERIMENTAL 

p-sec-Butyltolucnc  f/as  obtained  by  alkylation  of  toluene  with  pseudobutylcnc  in  the  presence  of  a  BFj*H3P04 
catalyst  in  the  molar  ralio  2.6  :  1  :  0.37  at  30*  with  an  average  yield  of  90^#  [5].  The  alkylation  product 
was  treated  repeatedly  with  concentrated  sulfuric  acid,  washed  with  10^»  sodium  hydroxide,  then  with  water,  dried 
over  sodium  hydroxide  and  distilled  over  sodium;  b.  p.  192-193*,  n^  1.4930,  d^®  0.8664. 

Autooxidation  of  p-scc-butyltolucnc.  In  a  glass  column  reactor  placed  in  an  oil  thermostat  was  put  p-sec- 
butyltoluenc  (1),  the  initiator,  and  the  alkaline  additive.  The  mixture  was  heated  to  110*  and  air  was  passed 
through  at  a  rate  of  18  liters/hour  either  to  formation  of  maximum  concentration  of  hydroperoxide,  or  to  its  com¬ 
plete  disappearance  from  the  reaction  mixture.  The  content  of  hydroperoxide  was  determined  each  2-6  hours 
lodomctrically.  The  results  of  the  experiments  are  given  in  Table  1. 


TABLE  1 


Taken  for  oxidation  per  1  mole  p-sec-butyl- 

toluene 

Manganese 

rcsinate 

Additive 

Maximum  concentration 

Time  of  formation 
of  maximum  concen- 

(in  mg) 

Name 

Amount 

of  hydroperoxide,  7» 

tration  of  hydroperoxide, 
hours 

5 

5.3 

66 

5 

Calcium  hydroxide 

1.2  g 

4.2 

36 

5 

Isopropylbenzene  hydro¬ 
peroxide 

2  ml 

9.5 

6 

( Isopropylbenzene  hydro- 

2  ml 

i  9.4 

5 

<  peroxide 
(  Calcium  hydroxide 

1.2  g 

26 

) 

10 

Calcium  hydroxide 

1.2  g 

6.5 

40 

3  - 

Sodium  hydroxide 

1.0  g 

2.2 

26 

1 

3  1 

(  Sodium  hydroxide 

1.0  g 

1  8.3 

24 

<  Isopropylbenzene 
(  hydroperoxide 

2  ml 

Acid  splitting  of  p-scc-butyltolucne  hydroperoxide.  To  142.2  g  of  reaction  mixture  containing  4.77»  hydro- 
peroxidc  v/as  added  dropwisc  20  ml  of  concentrated  liydrochloric  acid  during  16  hours  at  room  temperature.  The 
acid  product  was  exrxactcd  with  lO^e  alkali.  After  corresponding  treatment  and  distillation  we  isolated  from  the 


neutral  layer  95.4  g  of  unoxidized  hydrocarbon;  18.1  g  of  a  mixture  which  contained  8.2<7»  p-methylacetophenone, 
2.8'7#  p-tolylmcthylcthyl  carbinol,  0.4'79  p-scc-butyibcnzyl  alcoliol,  and  3.0,g  of  tar;  from  the  alkali  layer,  2.3  g 
(2.2Vf)  of  n-cresol,  1.6  g  (0.9'7»)  of  £-tolylmcthylcthyl  carbinol,  and  2.5  g  (7.1‘79)  of  p-scc-butyibcnzoic  acid. 

O;idation  of  p-scc-butyltolucne  to  disappearance  of  hydroperoxide  from  the  reaction  mass  was  carried  out 
as  described  above  with  only  tliis  difference,  that  after  reaching  the  maximum  concentration  of  hydroperoxide 
air  was  further  passed  in.  The  results  of  the  experiments  arc  given  in  Table  2. 

Oxidation  of  p-scc-butylbcnzoic  acid.  We  oxidized  19.2  g  of  p-scc-butylbcnzoic  acid,  obtained  by  auto¬ 
oxidation  of  p-scc-butyltoluenc  (b.  p.  127-130®  at  2  mm,  not  rccrystallized)  for  82  hours  in  the  presence  of  0.3 
mg  of  manganese  rcsinate,  17  mg  of  cobalt  acetate,  and  CO  mg  of  sodium  stearate  at  110*.  The  crystals  of  p- 
acetylbcnzoic  acid  which  precipitated  were  filtered  off  from  the  oil  and  washed  with  methanol.  Yield  5.4  g 

(30.573). 
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ChnrActcristics  of  the  oxidntloti  products.  p-CrcsoI 
was  characterized  tlirouj;li  p-riicthylphcnoxyacctlc  acid 
with  m.  p.  136,4*  which  corresponded  to  the  literature 
[6]. 

p-^sec-Butylbcnzoic  acid,  a  viscous  yellow  mass  with 
b.  p.  130-140*  (2  mm),  n{5T.5210,  d^®  1.0740,  crystal¬ 
lized  oti  standing  in  the  form  of  white  needles  with  m,  p, 
91,5-92*  (from  alcohol-water  mixture);  tlic  literature 
gives  [7]:  m.  p.  90-92.5*.  A  mixed  tn.  p,  with  p-sec- 
butylbcnzoic  acid  obtained  by  synthesis  [7J  gave  no  de¬ 
pression, 

p-Acetylbenzoic  acid,  a  finely  crystalline  powder 
with  m,  p.  203-204*  (sublimed  and  rccrystallized  from 
alcohol);  its  methyl  ester  had  m.  p.  89.5-90*;  the  liter¬ 
ature  [8]  gives;  for  the  acid,  m,  p,  203*;  for  the  ester, 

m,  p.  92*. 

p-Mcthylacctophenonc  was  extracted  from  a  mix¬ 
ture  which  contained  787#  of  'he  ketone  and  22'7i  primary 
and  tertiary  alcohols  as  its  2,4-dinitrophenylhydrazonc 
with  m.  p.  246-7*  (from  acetic  acid);  the  literature  [6] 
gives  m.  p.  248*.  It  was  determined  quantitatively  by 
oximation  [9], 

p-sec-Butylbcnzyl  alcohol  was  determined  by  quanti¬ 
tative  acetylation  with  a  12"^  solution  of  acetic  anhydride 
in  pyridine  [10], 

p-ToIylmethylethyl  carbinol  was  determined  quanti¬ 
tatively  by  dciiyuratioii  over  potassium  bisulfate  in  a 
medium  of  diisopropylbenzene  followed  by  titration  of 
the  water  formed  with  the  Fischer  reagent  [11], 

SUMMARY 

We  have  studied  the  autooxidation  of  p-sec-butyl* 
toluene  by  oxygen  of  the  air  in  the  presence  of  manga¬ 
nese  resinate,  sodium  hydroxide,  and  other  additives 
at  110*.  We  have  shown  that  oxidation  on  the  sec -butyl 
radical  occurs  1.8  times  more  easily  than  in  the  primary 
methyl  group  under  mild  conditions,  and  1.2  times  more 
easily  under  severe  conditions. 

The  chief  oxidation  products  arc  p-methylace- 
tophenone,  p-tolylmcthylcthyl  carbinol,  and  p-sec- 
butylbcnzoic  acid.  We  liave  found  that  p-sec-butyl- 
bcnzoic  acid  can  be  oxidized  by  oxygen  of  the  air  to 
give  p-acetylbcnzoic  acid  with  a  yield  of  30.57*. 
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A  specific  property  of  cyclopeutadicne  and  its  derivatives  is  the  ability  to  form  a  cyclopentadienyl  anion 
with  a  definite  aromatic  character.  This  determines  the  acid  properties  of  derivatives  of  cyclopcntadiene,  indene, 
and  fluorcnc  and  the  stability  of  "ylidcs",  in  which  the  anion  of  the  corresponding  hydrocarbon  is  combined  with 
an  onium  heteroatom.  It  is  known,  for  example,  that  the  bipolar  structures  of  pliosphinemcthylenes  (phosphorus 
ylides)  arc  in  general  very  unstable  [1]  but  show  great  stability  in  those  cases  when  the  anion  centers  arc  cyclo- 
pentadicnc  [2]  and  fluorcnc  [3]  nuclei. 


*P(CjHs)j 


In  conticction  v/ith  the  problem  of  tautomcrism  of  compounds  of  trivalcnt  phosplK'rus,  it  was  of  interest  to 
synthesize  esters  of  cyclopentadicnylphosplionous  acid  in  order  to  study  their  properties  and  establish  their  structures. 
There  are  two  ascribed  to  these  substances,  covalent,  with  a  trivalcnt  atom  of  phospliorus  (I)*  and  an  "ylide"  with 
an  aromatic  cyclopentadienyl  residue  (IV).  The  origin  of  this  structtire  from  the  covalent  form  can  be  considered 
the  result  of  a  transfer  of  a  proton  from  the  cyclopentadienyl  ring  to  an  atom  of  trivalcnt  phosphorus. 


The  known  acid  properties  of  the  methylene  group  of  cyclopentadienc  and  its  derivatives  and  the  basic 
properties  of  compounds  of  trivalcnt  phosphorus  (ability  of  unshared  pairs  of  electrons  of  phosphorus  to  combine 
with  protons)  can  determine  such  transfer.  The  possibility  is  also  not  excluded  of  a  tautomeric  relationship  (I)^ 


•Resides  structure  (I)  other  structures  (11)  and  (III)  arc  possible  for  the  covalent  form,  reciprocally  related  through 


n  i'j 

(II)  I  (III)  I 

J{0U),  r(OK), 

a  three  carbon  prototropic  intermediate.  'This  question  is  not  considered  in  the  present  paper. 
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^(IV).  In  order  to  test  the  possibility  of  occurrence  of  a  structure  of  the  "yllde"  type  it  was  also  interesting  to 
include  In  the  investigation  the  corrcsponditig  liidcne  (V)  and  fluorcnc  (VI)  derivatives. 

Tlie  synthesis  of  all  these  compounds  was  carried  out  by  the  method  which  we  worked  out  previously  [4,  5) 
based  on  replacement  o' chlorine  atoms  of  dialkylchlorophosphite  by  different  radicals  in  the  reaction  with  magnesi¬ 
um  and  lithiiitn  organic  derivatives  at  low  temperatures. 

The  dibutyl  ester  of  cyclopentadienylpliosphonous  acid  (VII)  was  obtained  with  a  yield  of  33.4®/#  by  the  re¬ 
action  of  cyclopcntadicnylmagiicsitim  bromide  with  dibutylchlorophosphite  at  -60*.  Sodium  cyclopcntadienyl 
gave  a  higher  yield,  bt  •  its  use  is  conticcted  with  difficulties  in  separating  the  sodium  chloride  which  is  formed. 

The  first  results  of  the  study  of  these  compounds  has  already  revealed  an  advantage  for  the  covalent  structure 
(1)  [or  (II)  or  (HI)]  and  arc  against  the  "ylidc"  structure  (IV). 


H^jNt 


,x,)  !£lv  (>,„)  ow,  w.  pj 


CHjPOO  CHjPOOH  CH3POCI 


Freshly  distilled  dibutyl  ester  of  cyclopentadienylpliosphonous  acid  (VII)  is  a  colorless  liquid  which  almost 
immediately  darkens  in  the  air.  In  hydrogenation  in  the  presence  of  a  skeletal  nickel  catalyst  at  room  temper¬ 
ature,  it  absorbs  two  moles  of  hydrogen  and  is  converted  to  the  dibutyl  ester  of  cyclopcrnylphosphonous  acid  (VIII) 
whose  structure  was  confirmed  by  comparison  with  the  ester  obtained  earlier  [C]  from  dibutylchlorophosphite  and 
cyclopcntylmagncsium  bromide.  The  easy  hydrogenation  of  the  ester  of  cyclopcntadienylphosphonous  acid  (VII) 
speaks  in  favor  of  the  diene  structure,  since  in  the  case  of  the  "ylidc"  form  (IV)  the  aromatic  system  of  the  cyclo- 
pcntadicne  anion  would  be  more  resistant  to  hydrogenation. 

The  dibutyl  ester  of  cyclopcntadienephosphonous  acid  (VII)  adds  sulfur  energetically  with  formation  of  the 
ester  of  cyclopcntadicnylthiophosphonic  acid  (LX)  which  with  dimethyl  acetylenedicarboxylate  gives  the  corre¬ 
sponding  adduct  (Xf  which  sliows  the  presence  of  the  diene  system  in  the  thiopliosphonic  derivative  (IX).  As  a 
result  of  the  Arbuzov  rearrangement  the  dibutyl  ester  of  cyclopentadicncphosphonous  acid  (VII)  gave  a  secondary 
rnctliylcyclopcntadienylpliosphinic  ester  (XI)  whicli  was  hydrogenated  to  the  corresponding  cyclopcntyl  derivative 
(XH),  and  converted  further  through  the  acid  chloride  (XIII)  to  tlic  acid  (XIV)  whose  p-toluidine  salt  was  identical 
with  the  j>-to!uidinc  salt  of  mctliylcyclopentylpliospliinic  acid  (XIV')  obtained  from  the  dibutyl  ester  of  cyclo- 
pentylphosphonous  acid  (Vlll)  by  analogous  reactions.  Tlicsc  transformations  sliow  the  structure  of  tlie  dibutyl 
ester  of  cyclopcntadienylphosphonous  acid  (Vil)  as  a -derivative  of  trivalent  phosphorus  (covalent  structure).  Tliis 
conclusion  is  also  confirmed  by  the  combination  light  scattering  spccu-um*  in  which  there  are  intense  bands  at 
1492  cm"\  characteristic  for  the  diene  system  of  cyclopentadiene  [7],  and  absorption  is  absent  in  the  region  2350- 
2440  cm'^  which  corresponds  to  valence  oscillation  of  the  P-Il  bond  [8]. 


•Besides  formula  (X),  derived  from  structure  (I)  we  can  also  consider  the  isomeric  formulas  corresponding  to 
structures  (II)  and  (III). 

••The  combination  scattering  spectrum  of  the  dibutyl  ester  of  cyclopcntadienylphosphonous  acid  was  photographed 
and  interpreted  by  M.  E.  Movsesyan,  to  whom  the  authors  express  thanks. 
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Tlic  esters  of  1-indciiyl -and  0-niiorciiyIpliosphciioiis  acids  (V)  and  (VI)  whose  synthesis  from  the  eortc- 
spondinj;  lithium  organic  compounds  and  dicthylcliloropliospliitc  was  destiibcd  earlier  by  us  (51  also  have  the 
properties  of  ilerivatives  of  trivalent  phosphorus.  They  easily  add  sulfur  and  cuprous  iodide  with  fortnation  of  the 
corresponding  thiophospliohic  esters  (XV)  and  (XVI),  and  the  complex  compounds  with  cuprous  iodide  (XVII)  and 
(XVIII),  and  also  undergo  the  Arbuzov  rearrangetnent  with  methyl  iodide,  as  a  result  of  v/hich  they  give  esters  of 
secondary  pliospliinic  acids  (XIX)  and  (XX), 


lU'(OC.dI:,);,  (XV).  (XVI) 


Hl.i  lU’fOCgllsIa  lll’fOCoIisIj  ’  Cul  (XVII).  (XVlii) 


(V).  (VI) 


xO’ 

f:il;j  ^OColI.-,  (XIX).  (XX) 

(V),  (XV).  (XVII),  (XIX)  R=l-indenyl  (vi),  (xvi).(xvin).  (x.x.)  u  =•  o-fiuorenyl. 


Thus  the  transformations  which  we  studied  indicate  that  these  pltosphonous  esters  are  derivatives  of  trivalent 
phosphorus  with  covalent  and  not  "ylide"  structures.  Tlicre  remains  the  possibility  of  a  tautomeric  equilibrium 
which  shifts  to  the  side  of  the  covalent  form.  However,  there  is  still  no  experimental  basis  for  a  conclusion  as  to 
tautomcrism*  , 


EXPERIMENTAL 

All  the  operations  were  carried  out  in  an  atmosphere  of  dry,  purified  nitrogen;  the  solvents  and  reagents 
were  carefully  dried. 

Dibutyl  ester  of  cyclopentadicnylphosphonous  acid  (VII).  a)  We  added  22  g  (0.334  mole)  of  freshly  distilled 
cyclopentadicne  in  25  ml  of  toluene  with  stirring  and  v.'eak  boiling  to  a  solution  of  ethylmagnesium  bromide  (from 
6.5  g  of  magnesium  and  29  g  of  ethyl  bromide)  in  80  ml  of  ether  and  80  ml  of  toluene.  The  solution  w-as  boiled 
for  two  hours,  cooled  (sometimes  a  precipitate  appeared)  and  added  to  53  g  (0.25  mole)  of  dibutyichlorophosphite 
in  50  ml  of  ether  with  energetic  stirring  and  a  temperature  of  the  reaction  mixture  of  -60±5*.  The  solvent  was 
removed  in  a  vacuum,  the  residue  was  treated  with  200  ml  of  ligroin,  the  mixture  was  stirred,  filtered,  and  the 
precipitate  was  washed  with  ligroin  which  was  added  to  the  filtrate.  The  solvent  v;as  removed  in  a  vacuum  and 
the  residue  was  distilled.  After  two  distillations  we  obtained  20.2  g  (33.4'^/a)  of  substance:  b.  p.  80-81*  (1  mm) 
(with  slow  distillation)*  *  ,  ng  1.4822,  dj®  0.0610*  *  *  ,  MRp  71.91;  calc.  71.23;  AMRj^  0.68. 

Found  C  64.4,  64.5;  H  9.6,  9.7;  P  12.9,  12.6.  Ci3H23(92P.  Calculated  %  C  64.4;  H  9.6;  P  12.8. 


•The  constants  of  tlie  dibutyl  ester  of  cyclopentadicnylphosphonous  acid  change  on  standing,  and  again  are  restored 
by  vacuum  distillation.  The  substance  which  has  stood  adds  sulfur  and  undergoes  tlie  Arbuzov  rearrangement  as 
easily  as  after  fresh  distillation.  Thisexcludes  the  explanation  of  the  process  as  a  reversible  transformation  of  the 
covalent  form  of  ester  into  the  "ylide".  The  reason  for  the  change  in  constants  requires  special  study.  It  is  possi¬ 
ble  that  there  occurs  here  a  reversible  dimerization  of  the  diene,  although  the  possibility  is  not  excluded  of  a 
tautomeric  transformation  (I)  -‘>(11)  (III).  The  esters  of  cyclopentadienylthiophosphonic  and  secondary  methyl- 
cyclopentadienylphospliinic  acids  (IX)  and  (XI)  also  show  a  change  in  constants  on  standing  and  regain  these  when 
distilled  in  a  vacunm. 

•  •At  first  at  about  the  same  temperature  there  distilled  over  an  unidentified  substance  and  its  mixture  with  the 
d'butyl  ester  of  cyclopciiLidicnylpliosphonous  acid;  then  with  stronger  heating  of  the  bath  (150-200*)  the  dibutyl 
p'tcr  of  cyclopcntadienylpliosphonous  acid  slowly  distilled.  The  first  fraction  was  separated,  using  as  a  guide  the 
change  in  index  of  refraction  and  specific  gravity, 

•  *  'The  constants  changed  on  standing,  and  after  3-4  weeks  reached  constant  values;  n^  1.4950,  d**  1.0110, 

.) 
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Comhinntioii  scattering  spectrum  (in  ct.)'*)  (intensity  described  visually  on  the  ten  point  systcm):450  (0), 

517  (0).  550  (0).  073  (0),  0%  (1  b),  713  (1),  770  (0),  7‘)8  (0).  817  (0),  835  (1).  907  (0).  930  (0),  9-18  (1).  992  (3), 
1023  (1  b).  1070  (1  b).  1102  (3).  1122  (2).  1130  (0).  1152  (0),  1190  (0),  1215  (1).  1250  (0),  1290  (2).  1321  (0). 

1348  (3),  1372  (3  b).  1427  (1).  1452  (1),  1479  (1).  1492  (10),  1545  (0),  1575  (1).  1003  (0).  2873  (10),  2909  (10), 
2939  (0).  2905  (3),  3085  (5  b). 

b)  A  solution  of  sodium  cyclopcntadienc  in  tetrahydrofuran  [9]  (2.5  g  of  sodium,  8  g  of  freshly  distilled 
cyclopcniadicnc,  40  ml  of  tetrahydrofuran)  was  added  with  stirring  to  21.0  g  (0.10  mole)  of  dibutylchlorophosphite 
in  50  ml  of  ether  at  -00*.  The  solvent  was  removed  in  a  vacuum  and  the  precipitate  was  treated  with  100  ml  of 
ligroin  and  4-5  g  of  anhydrous  ammonium  chloride;  the  mixture  remained  overnight  for  coagulation  of  the  jodium 
chloride.  The  precipitate  was  filtered  off  and  washed  with  ligroin;  the  filtrate  was  concentrated  and  distilled  in 
a  vacuum.  The  yield  of  dibutyl  ester  of  cyclopcntadicnylphosphonous  acid  was  55‘’/»,  n^  1.4820. 

Hydrogenation  of  the  dibutyl  ester  of  cyclopcntadienylphosphonous  acid  (VII).  We  shook  8.3  g  of  the  dibutyl 
ester  of  cyclopcntadicnylphosphonous  acid  (VII)  in  20  ml  of  dioxane  in  an  atmosphere  of  hydrogen  and  in  the 
presence  of  a  skeletal  nickel  catalyst  at  room  temperature  and  atmospheric  pressure.  After  absorption  of  82.57#  of 
the  theoretical  amount  of  hydrogen  (14  hours)  hydrogenation  practically  stopped.  The  catalyst  was  filtered  off, 
the  dioxane  was  removed  in  a  vacuum,  and  the  residue  was  distilled.  We  obtained  6.3  g  (74.77#)  of  the  substance; 
b.  p.  83-83.5*  (1.5  mm),  ng  1.4620,  dj®  0.9314,  MRj^  72.68;  calc.  72.16. 

Found  %:  C  63.2,  63.3;  H  11.2,  11.2;  P  12.6,  12.7.  CjjHjyOzP.  Calculated  7#:  C  63.4;  H  11.1;  P  12.6. 

The  literature  gives  for  the  dibutyl  ester  of  cyclopentylphosphonous  acid  (VIII)  [6];  b.  p.  77-78*  (1  mm), 

n*°  1.4595,  d^®  0.9284,  MR  72.57. 

D  D 

Addition  of  sulfur  to  the  dibutyl  ester  of  cyclopcntadicnylphosphonous  acid  (VII).  We  added  1.4  g  (0.04  g- 
atom)  of  sulfur  wiili  stirring  to  10.3  g  (0.04  mole)  of  freshly  distilled  dibutyl  ester  of  cyclopcntadicnylphosphonous 
acid  in  50  ml  of  ctlicr  at  0*.  After  solution  of  the  sulfur,  the  ether  was  removed  and  the  residue  was  distilled  in 
a  vacuum.  The  yield  of  dibutyl  ester  of  cyclopcntadienylthiophosphonic  acid  (IX)  was  9  g  (777»). 

B.  p.  (with  slow  distillation)  114-115*  (1  mm),  n^  1.5070,  d^®  1.0475*  ,  MR^^  77.96;  calc.  77.46. 

Found  7#:  C  57.2,  57.4;  H  8.5,  8.6;  P  11.3,  11.0;  S  11.5,  11.5.  Ci3H2302pS.  Calculated  7#:  C  56.9;  H  8.5; 

P  11.3;  S  11.7. 

Adduct  of  dirnetltyl  acetylenedicarboxylate  with  the  dibutyl  ester  of  cyclopcntadienylthiophosphonic  acid 
(X).  A  mixture  of  6.4  g  (0.023  mole)  of  freshly  distilled  dibutyl  ester  of  cyclopentadicnylthiophosphonic  acid 
(IX)  and  5  g  (0.035  mole)  of  dimethyl  acetylenedicarboxylate  [10]  was  heated  for  two  hours  at  110-120*  and 
fractionated.  Yield  of  adduct  (X)  7  g  (72.27#);  b.  p.  194-195*  (2  mm),  n^  1.5056,  d^®  1.1454,  MR^  107.9;  calc. 
106.3. 

Found  7«;  C  55.2,  55.1;  H  7.1,  7.0;  P  7.6,  7.5;  S  7.1,  7.1.  CigHjgOgPS.  Calculated  %:  C  54.8;  H  7.0; 

P7.4;  S  7.7. 

Dibutyl  ester  of  cyclopcntylthiophosphontc  acid  (XXI)  was  obtained  by  adding  0.676  g  (0.02  g-atom)  sulfur 
to  5.2  g  (0.02  mole)  of  the  dibutyl  ester  of  cyclopentylphosphonous  acid  (VIII)  [6].  Yield  5.35  g  (90.87#);  b.  p. 
108-108.5*  (1  mm),  uJJ  1.4793,  df  1.0035,  MR^^  78.68;  calc.  78.39. 

Found  7#:  C  55.7,  55.8;  H  9.8,  9.7;  P  10.9,  10.9;  S  ll.O,'  11.8.  C13H27O2PS.  Calculated  7#:  C  56.1;  H  9.7; 

P  11.1;  S  11.5. 

Arbuzov  rearrangement  of  the  dibutyl  ester  of  cyclopcntadienylphosphonous  acid  (VII).  Twenty-five  ml  of 
methyl  iodide  was  added  with  stirring  to  12.3  g  of  freshly  distilled  dibutyl  ester  of  cyclopcntadicnylphosphonous 
acid  (VII).  At  tlic  end  of  tlic  stormy  reaction  (which  required  cooling)  the  solution  was  boiled  for  two  hours  and 
fractionated.  The  yield  of  butyl  ester  of  methylcyclopcntadienylphosphinic  acid  (XI)  was  8.95  g  (887«);  b.  p.  91- 
92*  (1  mm)  (slow  distillation),  nj®  1.4918,  df  1.0512**,  55.22;  calc.  54.99. 

Found  7#;  C  60.1,  60.3;  M  8.7,  8.5;  P  15.1,  15.2.  C,oHj702p.  Calculated  7#:  C  60.0;  11  8.6;  P  15.5. 


•The  constants  changed  on  standitig  for  3-4  weeks,  reaching  a  constant  value  of:  n|®  1.5150,  d^®  1.0799. 
•  *1110  constants  changed  on  standing  3-4  weeks  to  reach  a  constant  value  of :  n|^  1.5070,  d^®  1.1120. 
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llydrogf'natlon  of  the  butyl  ester  of  rnctliylcyclopciitadicnyl  pliospliinicacidfXl).  We  hydrogcualod  d.5  g 
of  freshly  distilled  butyl  ester  of  inethyleyrlopeutadieuylpiiospliiiiic  acid  (XI)  iu  20  ml  of  dioxanc  In  the  presence 
of  skeletal  nickel  catalyst  at’ room  temperature  and  attiuvsphcric  pressure.  After  12  hours  OO’/*  of  ilic  tiicoretical 
amoutit  of  hydrogen  had  been  absorbed.  The  catalyst  v;as  filtered  off,  the  dioxanc  was  removed  in  a  vacuum,  and 
the  rcsidtic  was  distilled.  The  yield  of  butyl  ester  of  mcthylcyclopcntylphosphinic  acid  (XU)  was  G.7  g  (73.3'W; 
b.  p.  BC-87*  (1  mm),  idj  1.4G13,  d^’  1.0025,  56.24;  calc.  55.92. 

Found  C:  58.8,  50.0;  M  10.2,  10.4;  P  14.9,  14.0.  CjoHaAP.  Calculated  C  53.8;  H  10.4;  P  15.2. 


Butyl  ester  of  methylcyclopcutylphosphinic  acid  (XU*).  As  in  the  ease  of  the  butyl  ester  of  mcthylcyclo- 
pentadietiylphospliinic  acid  (XF),  we  obtaiticd  from  10.7  g  of  dibutyl  ester  of  cyclopentylphosphonous  acid  (VIII) 
and  25  ml  of  inethyl  iodide  8.1  g  (00'7<’)  of  the  butyl  ester  of  mcthylcyclopcntylphosphinic  acid  (XU*);  b.  p.  90- 
91*  (1  mm),  td'*  1.4G28,  df  1.0026,  MR^  56.03;  calc.  55.92. 

Found  7r:  C  58.6,  58.5;  H  10.3,  10,1;  P  15.1,  15.3.  C10H21O2P.  Calculated  ^,ex  C  58.8;  H  10.4;  P  15.2. 


Mcthylcyclopcntylphosphinic  acid  chloride  (XIII*),  We  gradually  added  11,5  g  (0.055  mole)  of  phosphorus 
pcntachloridc  to  10.8  g  (0.053  mole)  of  butyl  ester  of  mcthylcyclopcntylphospliinic  acid(Xir)  obtained  from  the 
dibutyl  ester  of  cyclopentylphosphonous  acid  (VIII).  After  the  end  of  the  stormy  reaction  the  mixture  was  fraction 
ated.  The  yield  of  i.iothylcyclopcntylphospliinic  acid  chloride  (XIH*)  was  6i5  g  (77.5'7»);  b.  p.  80-80.5*  (1  mm), 
n^®  1.4989,  df  1.1800,  MR^  41.45;  calc.  41.04. 

Found  7*:  C  43.2,  43.6;  U  7.1,  7.4;  P  18.3,  18.4.  CgH^OPCI.  Calculated  C  43.3;  H  7.3;  P  18.6. 


Mcthylcyclopcntylphosphinic  acid  (XIV*).  Two  g  (0.014  ntolc)  of  mcthylcyclopcntylphosphitiic  acid  chloride 
(XIH*)  was  mixed  with  0.5  g  (0.023  mole)  of  water  in  20  ml  of  dioxanc  (the  tnixturc  was  heated),  the  dioxanc  was 
removed  and  the  residue  distilled.  Yield  1.7  g  (967«);  b.  p.  171-172.5*  (2  mm),  n”  1.4900,  dj®  1.1390,  37.61; 

calc.  37.33. 


Found  <7,:  C  48.9,  48.9;  M  8.8,  8.8;  P  20.8,  21.0.  C6H13O2P.  Calculated  7,:  C  48.6;  H  8.8;  P  20.9. 

The  mcthylcyclopcntylpliosphinic  acid  (XIV*)  was  also  obtained  by  saponification  ofthe butyl  dster  of  methyl 
cyclopctitylphosphinic  acid  (XII*)  with  a  solution  of  potassium  hydroxide  (boiling  for  four  hours). 


p-Toluididc  salt  of  mcthylcyclopcntylphosphinic  acid.  When  we  mixed  ether  solutions  of  equimolecular 
amounts  of  p-toluidinc  and  methylcyciopcntyiphosphinic  acid  (XIV*)  and  distilled  off  the  ether,  crystals  of  the 
mcthylcyclopcntylphosphinic  p-toluidide  precipitated.  Yield  877«;  m.  p.  70-71*  (from  ligroin). 


Found  7,:  C  61.2,  61.2,  11  8.7,  8,7;  P  12.3,  12.1;  N  5.5,  5.4.  C13H22O2PN. 
P  12.1;  N  5.5. 


Calculated  7«:  C  61.2;  H  8.7; 


By  the  above  described  reaction  we  obtained  from  the  butyl  ester  of  methylcyclopentylphosphinic  acid  (XII) 
prepared  by  hydrogenation  of  the  corresponding  cyclopcntadicnyl  ester  (XI)  a  p-roluididc  (m.  p.  70-70.5*)  which 
gave  no  melting  point  depression  with  the  p-toluidide  of  methylcyclopcntylpliosphinic  acid. 


Addition  of  Sulfur  to  Esters  of  l-Indenyl-  and  9-Fluorcnylphosphonous  Acid 

Diethyl  ester  of  1-indcnyltliiophosphonic  acid  (XV)  was  obtained  by  adding  0.56  g  (0.018  g-atom)  of  sulfur 
to  4.2  g  (6.018  mole)  of  the  dietliyl  ester  of  indenylphosphonous  acid  (V)  in  ctlicr.  Yield  4.1  g  (887«)s  b.  p.  139- 
140*  (2  mm),  nj^  1.5678,  d^®  1.1514. 

Found  C  58.0,  57.9;  H  6.4,  6.4;  P  11.3,  11.3;  S  12.0,  12.0.  C^MiAPS.  Calculated  7,:  C  58.2;  H  6.4; 
P  11.5;  S  12.0. 


Diethyl  ester  of  0-  fliiorenylthiopliosphonic  acid  (XVI)  was  synthesized  in  an  analogous  way  from  0.56g(0.018g- 
atom)  sulfur  and  5.2  g  (0.018  mole)  of  ilic  diethyl  ester  of  9-fluorenylphosphonous  acid  (VI).  Yield  4.3  g  (74.17»); 
b.  p.  166-169  (2  mm),  m.  p.  66  67*  (from  anhydrous  alcohol). 


Found  7,:  C  64.0.  63.9;  1!  6.1,  6.2;  P  9.4,  9.3;  S  10.0,  10.1.  Cj^HiAPS.  Calculated  7,:  C  64.1;  H  6.0; 
P  9.7;  S  10.0. 


Thc  compicx  compound  o£diethyl  ester  of- 1 -indenylphosphonous  acid  with  cuprous  iodide  (XVII)  was  ob- 
tai..cd  by  heating  the  ester  of  phosphonous  acid  (V)  v/itli  cuprous  iodide  to  150*;  m.  p.  Tdif- 127*  (frotn  a  mixture 
of  acetone  and  anhydrous  alcohol). 
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Found  '7»:  C  3G.8,  36.6;  H  4.2,  4.1;  1  30.0,  29.7;  residue  34.8,  35.0.  Ci5HpP02*Cul.  Caleulatcd  <7*:  C  36.0; 
H4.0;  129.8;  I  CiijP^O,  35.3. 

The  complex  compound  of  dicihyl  ester  of  9-fluorcnylphosphonous  acid  with  cuprous  iodide  (XVIII)  was  ■•'b- 
tained  in  an  analogous  way;  m.  p.  181.5-183"  (from  a  mixture  of  anhydrous  alcohol  and  chloroform). 

Found  ‘7#;  C  43.1,  43.0;  H  4.2,  4.1;  1  26.5,  26.3;  residue  31.7,  31.8.  Cj7Hi9P02*Cul.  Calculated  C  42.8; 
H4.0;  1  26.6;  I  CU2P2O73I.6. 

Arbuzov  Rearrangement  of  Esters  of  1-Indenyl-  and  9-Fluorcnylphosphonous  Acids 

Ethyl  ester  of  methyl- 1-indenyIphosphinic  acid  (XIX)  was  obtained  by  boiling  5.8  g  of  diethyl  ester  of  1- 
Indcnylphosphonous  acid  (V)  with  an  excess  of  methyl  iodide  for  four  hours.  Yield  4.4  g  (60.57»);  b.  p.  127.5-128,5* 
(1.5  mm),  n^  1.5579,  dj®  1.1434. 

Found  C  64.9,  64.7;  H  6.8,  6.7;  P  14.1,  14.0.  CijHisOjP.  Calculated  7.:  C  64.9;  II  6.8;  P  13.9. 

The  ethyl  ester  of  methyl-9- fluorenylphosphinic  acid  (XX)  was  synthesized  in  an  analogous  way  from  5  g  of 
diethyl  ester  of  9-fluorenylphosphonous  acid  (VI).  Yield  3.7  g  (77.6'’/»);  b.  p,  164-166*  (2  mm),  m.  p,  97-97.5* 
(from  ether). 

Found  C  70.6,  70.8;  H  6.1,  6.3;  P  11.6,  11.6.  CjgH^OaP.  Calculated  7,;  C  70.6;  H  6.2;  P  11.4. 

SUMMARY 

We  have  studied  some  chemical  properties  of  esters  of  cyclopcntadicnyl-,  1-indenyl-,  and  O-fluorenylphos- 
phonous  acids;  the  study  of  the  reactions  indicates  the  presence  in  the  molecule  of  these  substances  of  a  trlvalcnt 
atom  of  phosphorus,  and  also  of  two  double  bonds  in  the  ester  of  cyclopcntadienylphosphonous  acid. 
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On  the  basis  of  results  wliich  have  appeared  in  the  literature  [1],  pentaphenyl  derivativesofeletnentsofGroup 
V,  subgroup  nitrogen,  can  be  divided  into  compounds  of  the  type  of  pcntaphcnylphosphorus(PPP)  and  compounds  of 
the  type  of  pentaplienylantimony  (PPA)  since  they  behave  differently  in  thermal  decompositions,  in  reactions  with 
halides  and  halogen  hydrides,  in  complex  forming  reactions,  and  have  Debye  diagrams  [2]  which  differ  in  intensity 
and  structure;  therefore  it  seemed  interesting  to  us  to  continue  the  work  begun  in  the  study  of  PPP  in  the  case  of 
PPA.  For  this  purpose  we  used  the  known  method  of  investigation  which  had  been  adopted  in  study  of  the  radical 
reactions  of  PPP  [1,  3,  4]. 

In  carrying  out  the  reaction  of  PPA  with  chloroform  the  basic  products  isolated  were  tetraphenylstibonium 
chloride  and  benzene,  and  a  by-product  was  diphenyl;  benzyldicne  chloride  was  not  found  among  the  reaction 
products,  although  it  could  be  expected  according  to  the  work  of  Wittig  [5],  the  more  so  since  PPA  has  a  greater 
tendency  to  ionic  reaction  than  does  PPP.  From  these  facts,  the  reaction  can  be  represented  by  the  following 
scheme,  which  agrees  witlt  the  results  obtained  in  studying  the  reaction  of  PPP  with  chloroform. 

(Ccn.,)5Sb  (Cells), Sb  .  -f  Cells  .  ,  Cells  •  -f-  CIICI3 
-V  Cello  -f  CCI.1  .  ,  (Cellslr-Sb  .  H-  CIICI3  -> 

->  (Cells)4SbCl  -I-  ICIICI2  •  1.  2Ccll5  •  — >  CoHs-Cells 

The  reaction  of  PPA  with  carbon  tetrachloride  occurs  in  an  analogous  way  to  the  above  description  and  the 
results  of  this  reaction  are  also  analogous  to  those  obtained  in  the  reaction  of  PPP  with  carbon  tetrachloride. 

(CGlls)sSb  (Colls), Sb  .  -1-  Cells  •  .  Cells  •  -f  CCI4  -> 

->  CcllsCl  -I-  CCI3  .  ,  (Cells), Sb  .  +CCI4 
-►(Colls)4SbCl-l-CCl3.  ,  2C>6lls*  — >  Colls-Colls.  2CCI3  •  -v  CCI3-CCI3 

For  confirmation  of  the  formation  of  the  phenyl  radical  in  this  reaction  in  the  case  of  chloroform  we  used 
a.cC  -diphcuyl-0 -triniirophcnylhydrazyl  (the  violet  color  of  the  solution  turned  yellow),  and  in  the  case  of  carbon 
tetrachloride,  fixation  of  the  radical  on  mercury.  The  latter  reaction  took  place  with  excess  mercury.  Phenyl 
mercuric  chloride  was  isolated  quantitatively  in  the  reaction  product.  The  reaction  takes  place  as  follows, 

(Ccll5)sSb  ->  (Cclls)iSb  .  4- Cells  •  ,  (C^.lls),Sb  •  -f  CCI4 
-V  (Cells)4SbCl  I-  CCI3  .  .  Cells  •  -f  llg  ->  C.-.IIsH^'  •  .  CcHsHg  •  -I-CCI4  — »► 

— >  CcllslIgCi  4-  CCI3  .  .  2CCI3  .  — >  C2CI0 

In  the  splitting  of  PPA  in  benzene  we  isolated  the  same  products  as  in  the  thermal  decomposition  of  PPA 
[2]  in  the  absence  of  a  solvent,  namely,  diphenyl  and  triphcnylantimony. 


(Coll5)iSb  ->  CeIl5-CoIl5  -}-(C8H5)3Sb 
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Orienting  experiments  carried  ont  with  labeled  benzene  showed  that  diphenyl  Is  formed  without  partici¬ 
pation  of  the  solvent,  that  Is,  here  there  is  Intramolecular  splitting  of  PPA.  PPP  heated  in  benzene  also  splits 
Into  diphenyl  and  triphcnyl  pliosplilne,  but  the  reaction  is  accompanied  by  formation  of  P-phcnyldiphcuylenc 
phospliine  and  tar,  which  is  not  found  in  the  ease  of  PPA, 

The  reaction  of  PPA  with  aliphatic  alcohols  (methyl  and  ethyl),  as  in  the  ease  of  PPP,  occurs  with  splitting 
of  two  plicnyl  radicals.  The  reaction  products  arc  triphenylantimony  dihydroxide  and  benzene, 

.  (C6ll5)5Sb  -I-  211011  -V  (Con5)nJ^b(OI\)2  ZC^Ie 
H  =  CiI„ 

Eighty  of  the  starting  PPA  reacts  according  to  tliis  equation.  After  treatment  of  the  reaction  mixture 
witli  alcoholic  IICI  we  obtained  tctraphcnyl  siibonium  chloride  (207»)  as  a  by-product  which  shows  that  only  one 
phenyl  group  takes  part  in  the  partial  splitting.  In  the  reaction  of  PPP  with  alcohols  we  did  not  find  formation  of 
derivatives  of  tctraphcnyl  phosphoniuin. 

In  conclusion  we  should  remark  that  splitting  of  PPA  in  this  solvent  Is  analogous  to  splitting  of  PPP  except 
that  it  occurs  under  more  severe  conditions  (longer  lieating,  higher  temperatures)  and  is  accompanied  by  side  re¬ 
actions. 


EXPERIMENTAL 

PPA  was  obtained  by  the  method  of  Wittig  [2]  by  the  action  of  1  N  solution  of  lithium  phenyl  on  antimony 
pentachloridc  etherate.  After  recrystallization  from  cyclohexane  in  a  nitrogen  atmosphere,  m.  p,  166*;  the  liter¬ 
ature  give  m,  p,  169-170*  [2], 

Thermal  reaction  with  chloroform.  Ten  g  of  PPA  and  25  ml  of  chloroform  were  heated  in  a  sealed  tube  at 
100*  for  20  Itours.  After  distillation  of  the  solvent,  the  residue  was  distilled  with  steam.  The  benzene  which  dis¬ 
tilled  with  the  chloroform  and  steam  was  nitrated.  We  obtained  1,15  g  (38<7»  calculated  on  one  phenyl)  of  r^- 
dinitrobcnzcnc,  m.  p.  87’;  a  sample  mixed  with  the  pure  product  gave  no  depression.  In  the  steam  distillation  we 
isolated  diplienyl  (0.05  g),  m.  p.  68’,  A  sample  mixed  with  pure  diphenyl  melted  at  69*.  From  the  water  solution 
after  steam  distillation  we  isolated  6.5  g  (7G''/j)  of  tetraphctiyl  stibonium  chloride  witli  m.  p.  201-202*,  which  by 
the  action  of  potassium  bromide  in  aqueous  medium  was  converted  to  tctraphcnyl  stibonium  bromide,  m.  p.  214’;* 
a  sample  mixed  with  the  pure  compound  obtained  by  the  method  of  [6]  melted  at  213’,  Individual  substances 
could  not  be  isolated  from  the  tarry  residue  (2  g). 

Pliotorcactioti  with  cliloroform.  Three  g  of  PPA  and  15  ml  of  chloroform  were  irradiated  in  a  quartz  tube, 
diameter  20  mm,  by  ultraviolet  light  from  a  PRK-2  lamp  for  50  hours.  We  isolated  1,8  g  (70^»)  of  tctraphcnyl- 
stibonium  chloride  with  m.  p,  199-200’  and  a  small  amount  of  m -dinitrobenzene  with  m,  p,  87®,  A  sample  mixed 
with  pure  m-diuitrobenzene  melted  at  88’, 

Thermal  reaction  with  carbon  tetrachloride.  Five  g  of  PPA  and  20  ml  of  carbon  tetrachloride  were  heated 
In  a  sealed  tube  at  100’  for  25  hours.  The  solvent  was  distilled  off.  The  residue  was  distilled  with  steam,  and  the 
first  portions  of  the  disiillatc  contained  carbon  tetrachloride  and  chlorobenzene.  This  mixture  was  separated  from 
the  water  and  dried.  Chlorobenzene  was  determined  by  the  infrared  absorption  spectrum.  lu  this  were  present 
all  the  sufficiently  intense  absorption  bands  of  chlorobenzene  with  frequencies  700,  900,  1020,  1082,  1114,  1458, 
1490,  and  1600  cin'^. 

Diphenyl  (0.1  g)  distilled  with  the  steam;  m.  p.  68’,  a  mixed  sample  with  commercial  diplienyl  melted  at 
69’.  The  tctraphcnyl  stibonium  chloride  (3,9  g,  92'7»)  had  m,  p.  201’.  By  the  action  of  potassium  bromide  this 
was  converted  to  the  corresponding  bromide  with  m.  p,  212’. 

Reaction  witli  mercury  in  carbon  tetrachloride.  Five  g  of  PPA,  20  g  of  metallic  mercury,  and  25  ml  of 
carbon  tctracliloridc  were  energetically  shaken  in  ati  atmosphere  of  nitrogen  for  100  hours  at  room  temperature. 

The  solution  was  separated,  and  the  residue,  which  contained  finely  divided  mercury,  was  first  treated  with  carbon 
tetrachloride  to  remove  tctraphcnyl  stibonium  chloride  and  then  with  hot  alcohol  to  remove  phenyl  mercuric 
chloride.  The  tctraphcnyl  stibonium  chloride  was  isolated  in  the  amount  of  3.2  g  (74'’/»)  witli  m.  p.  202’;  a  sample 
mixed  with  the  chloride  obtained  In  the  reaction  with  chloioform  gave  no  melting  point  depression.  Phenyl  mercu¬ 
ric  chloride  was  isolated  in  the  amount  of  2.8  g  (987tf)  with  m.  p.  247’;  a  sample  mixed  with  the  pure  product 
melted  at  248*. 
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Tlicrinnl  reaction  with  inctliyl  alcohol.  Tour  g  of  PPA  was  heated  with  15  ml  of  dry  methyl  alcohol  in  a 
-■  .'.led  itibc  for  30  hours  at  100*.  The  tube  was  opened,  the  solvent  was  distilled  off  and  diluted  with  water  and 
the  benzene  wliiclt  separated  v/as  extracted  with  carbon  tetrachloride  and  nitrated.  We  isolated  1.2  g  of  m-dl* 
nitrobenzene  (dOA,  calculated  on  two  plicttyls)  with  m.  p.  C8*;  a  sartiple  mixed  with  pure  product  gave  no  inciting 
point  depression.  The  residue  was  treated  witli  alcohol  satttrated  with  hydrogen  chloride;  we  isolated  2.7  g  (87.5'7») 
of  triphcnylantimony  dicliloridc  with  m.  p.  M2*;  a  sample  mixed  with  known  triplicnylantimony  dichloridc  obtained 
by  the  method  of  [7]  gave  no  melting  point  depression.  The  literature  gives  i8]:  m.  p.  143*.  The  residue  after 
removal  of  the  alcoliol  was  treated  witlt  liot  water  and  by  the  action  of  potassium  bromide  we  isolated  tctraphenyl 
stibonittm  bromide  (0.20  g,  8%)  v/ith  m.  p.  209*;  a  sample  mixed  with  a  known  bromide  obtained  according  to  [6] 
melted  at  213*. 

Thermal  reaction  with  ethyl  alcohol,  a)  We  licatcd  4.150  g  of  PPA  with  15  ml  of  anhydrous  alcohol  in  a 
sealed  tube  for  40  hoitrs  at  100*.  The  solvent  was  distilled  off  and  diltttcd  with  water;  the  benzene  which  separated 
was  extracted  witlt  carbon  tetrachloride  and  nitrated.  We  obtained  1.3  g  (48'7'')  of  m-dinitrobcnzenc  with  m.  p. 

88*;  a  sample  mixed  with  pure  substance  melted  at  89*.  The  residue  after  removal  of  the  solvent  was  treated  with 
alcoliol  saturated  with  hydrogen  chloride.  We  obtained  2.7  g  {1^^)  of  triplicnylantimony  dichloride  with  m.  p, 

141";  a  sample  mixed  witli  known  product  had  m.  p.  142*.  In  the  concentrated  alcoholic  solution  we  obtained  0.65  g 
(19'7»)  of  tctraphenyl  stibonium  chloride,  m.  p.  202*.  I'or  identification,  this  was  converted  to  bromide  by  the  action 
of  potassium  bromide.  M.  p.  205-210*;  a  sample  mixed  with  pure  bromide  melted  at  213*. 

b)  Pour  ol  i’PA  was  heated  witli  15  ml  of  anliydrous  alcohol  in  a  scaled  tube  for  30  hours  at  100*.  The 
solvent  was  distilled  off,  the  residue  was  steam  distilled.  The  first  portion,  and  also  the  alcohol  which  distilled 
after  the  reaction  were  diluted  with  water.  The  benzene  which  separated  was  extracted  witli  carbon  tetrachloride 
and  nitrated.  We  obtained  0.9  g  (36.G‘;'o)  of  rn-dinitrobcn''-enc  with  m.  p.  87*.  The  residue  after  distillation  with 
steam  was  dissolved  in  glacial  acetic  acid  and  poured  into  a  large  amount  of  water,  on  which  there  precipitated 
2.2  g  (71'’, k)  of  triplicnylantimony  dihydroxide  with  rn.  p.  206";  a  sample  mixed  with  known  substance  [9]  melted 
at  211*.  i'or  further  identification  it  was  dissolved  in  alcohol  and  hydrogen  chloride  was  passed  through  the  so¬ 
lution;  we  isolated  triphcnylantimony  dichloride  with  m,  p.  142*;  a  sample  mixed  witli  known  substance  melted 
at  143*. 

SUMMARY 

1.  Pcntaphcnylantimony  when  heated  in  benzene  solution  breaks  down  into  diphenyl  ami  tripiiCiiy  lamimouy, 

2.  The  reaction  of  pcntaphcnylantimony  with  chloroform  and  carbon  tetrachloride  occurs  with  breaking  off 
of  one  phenyl  group  and  formation  of  tctraphenyl  stibonium  chloride,  benzene,  and  chlorobenzene  in  the  case  of 
carbon  tetrachloride.  The  free  radical  nature  of  the  reaction  is  shown  in  chloroform  solution  by  the  change  in 
color  of  «,«'  -diphenyl- fl -trinitrophenylhydrazyl,  and  in  carbon  tetrachloride,  by  fixation  of  the  radicals  on 
mercury, 

3.  The  reaction  of  pcntaphcnylantimony  with  alcohols  occurs  with  splitting  of  two  phenyl  groups, 

4.  The  reactions  of  pcntaphcnylantimony  are  analogous  to  the  reactions  of  pentaphenylphosphorus,  except 
that  they  occur  under  more  severe  conditions. 
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At  the  present  time  acylatcd  hydrazidcs  of  heterocyclic  acids  (1,2-diacyIhydrazines)  arc  finding  wide  use 
as  physiologically  active  preparations  [1,  2],  and  also  as  starting  products  for  obtaining  a  number  of  new  compounds 
[3,  4]  used  in  scintillation  techniques.  In  this  work  we  have  synthesized  the  undescribed  acyl  hydrazidcs  of  2-, 

3-,  and  4 -pyridine-  and  2-furancarboxyIic  acids  of  the  general  formulas 


UCONUNIICOIV, 


\N=r/* 


I\'  ^ \  ^  /• 

cr^ 

^//  \  /- 


tS'O' 


t> 


R. 


These  compounds  were  obtained  by  the  reaction  of  equimolar  amounts  of  the  corresponding  hydrazidcs  with 
acid  chlorides  according  to  the  well  known  scheme 


UCONIINII2  + CIOCU' 


UCONIINIICOR'  IVCONllNIIo  -f  CIOCR. 

-net  ^  ' 

(1) 


We  have  found  that  the  acyl  hydrazidcs  of  heterocyclic  acids  are  formed  at  room  temperature  in  distinction 
from  acyl  derivatives  of  aromatic  acid  hydrazidcs  wlicre  under  similar  conditions  it  is  recommended  to  use  heating 
[3].  The  synthesis  of  acyl  hydrazidcs  of  lictcrocyclic  acids  from  acid  chlorides  and  acid  hydrazidcs  at  higher 
temperatures  leads  to  formation  along  witli  the  main  reaction  product  (I)  of  diacyl  hydrazidc  derivatives  of  the 
type  RC0NHN(C0R)2  (some  aliphatic  and  aromatic  diacyl  hydrazidcs  were  described  previously  [5]);  these  on 
hydrolysis  gave  the  monoacyl  hydrazidcs  again.  In  the  synthesis  of  acyl  hydrazidcs  in  boiling  solvents  we  ob¬ 
tained  along  with  the  above  men:ioncd  products  symmetrical  1,2-diaroylhydraziucs  [G]. 

As  solvent  for  the  synthesis  of  acyl  hydrazidcs  pyridine  is  usually  used  since  it  binds  the  hydrochloric  acid 
formed  in  the  reaction  and  this  favors  more  complete  utilization  of  the  starting  reagents  and  also  the  obtaining 
of  acyl  hydrazidcs  of  pyridine  carboxylic  acids  as  free  bases.  It  should  be  noted,  however,  tliat  this  makes  it 
more  difficult  to  isolate  the  acyl  hydrazidcs,  due  to  their  good  solubility  in  pyridine.  They  arc  usually  isolated 


3206 


Acyl  llydrazides 


No. 

Name 

M.  P. 

Yield,  % 

Empirical  formula 

‘'/♦N 

found 

calc. 

1 

1 -Benzoyl -2-(2-pyridoyI)- 
hydrazine 

209-210* 

78 

17.25 

17.43 

2 

1  -Benzoyl -2 -(3 -pyridoyl) - 
hydrazine 

258 

37 

013**1102^3 

17.43 

17.43 

3 

1  -(l-Maphthoyl)-2-(3- 
pyridoyl)-hydrazinc 

181.5-182.5 

73 

O17H13O2N3 

14.12 

14.43 

4 

l-(2-Naplithoyl)-2-(3- 
pyridoyl)- hydrazine 

168.5-1G9.5 

95 

Ol7*  *1302*^3 

14.10 

14.43 

5 

1  -(4  -  BipIienyloyl)-2  -  (3  - 
pyridoyl)-hydrazine 

250-251 

86 

0i9**1502N3 

13.21 

13.24 

6 

l-(2-(.hlorobcnzoyl)-2-(3- 

pyridoyl)-hydrazinc 

148-149.5 

48 

O13HJ0O2N3CI 

15.15 

15.27 

7 

l-(l-Naplithoyl)-2-(4- 
pyridoyl) -hydrazine 

190.5-191.5 

55 

C17H13O2N3 

14.47 

14.43 

8 

l-(2-Naphthoyl)-2-(4- 

pyridoyl)-hydrazinc 

211-212 

50 

C17H13O2N3 

14.20 

14.43 

9 

l-(4-Biphenyloyl)-2-(4- 

pyridoyl)-hydrazine 

224.5-225 

73 

O19H15O2N3 

13.14 

13.24 

10 

l-(2-ruroyl)-2-(3- 
pyridoyl) -hydrazine 

229-230 

38 

CjlHg03N3 

18.25 

18.18 

11 

l-(2-ruroyl)-2-(4- 
pyridoyl) -hydrazine 

238-240 

42 

CllHg03N3 

17.82 

18.18 

12 

1-(1  -  Naphthoyl)-2-(2- 
furoyl)-hydrazine 

201-201.5 

65 

C16H12O3N2 

10.20 

10.00 

13 

l-(2-Naphthoyl)-2-(2- 

fnroyl)-hydrazine 

220-221 

91 

C15H12O3N2 

10.31 

10.00 

14 

l-(4-BiphenyIoyl)-2-(2- 

furoyl)-hydrazine 

216.5-218 

79 

O18*  *14031.2 

9.23 

9.15 

15 

l-(2-ruroyI)-2-(9- 

phenanthrenoyl)-hydrazinc 

220-221 

62 

C20*dl4O3N2 

8.54 

8.48 

by  p 

curing  the  reaction  mixture  into 

5-7  times  its  volim 

le  of  v/atcr.  In 

some  cases  for  better 

precipitatio 

n  of 

the  product  the  reaction  mixtiire  is  first  diluted  with  ethanol  or  acetone  to  double  the  volume,  and  then  treated 
as  shown  above.  If  the  substance  is  difficult  to  precipitate,  the  excess  solvent  is  distilled  off  in  a  vacuum,  which, 
however,  leads  to  considerable  tarring  of  the  product.  The  remaining  pyridine  and  its  hydrochloride  are  washed 
out  with  water.  The  rcsttltiug  acyl  hydrazides  are  crystallized  from  suitable  organic  solvents  and  also  purified 
chromatographically  on  altimintim  oxide  using  dioxane  as  the  solvent.  Isolation  of  the  substances  is  carried  out 
by  dilution  of  the  ptirificd  solution  with  3-5  times  its  volume  of  ligroin. 

As  evidence  for  tlie  struettire  of  tlie  synthesized  acyl  hydrazides  (I)  we  have  the  counter  syntheses  in  the 
scliemc  given  above,  by  which  the  resulting  compounds  were  identical  in  properties  and  elementary  analysis. 

All  the  acyl  hydrazides  described  in  this  work  were  colorless,  crystalline  substances,  easily  soluble  in  ace¬ 
tone,  dioxane,  pyridine,  ethanol, Icsscasily  inhot  water,  insoluble  in  benzene  and  ligroin.  When  heated  in  a  vacu¬ 
um  or  with  pliospliorus  oxychloride  they  formed  the  corresponding  2,5-dcrivativcs  of  1,3,4-oxadiazoIe;  they  were 
hydrolyzed  by  the  action  of  aqueous  solutions  of  acids  or  alkalis  on  them.  The  acyl  derivatives  of  the  hydrazides 
of  pyridine  carboxylic  acids  gave  salts  with  mineral  acids. 

EXPERIMENTAL* 

l-Rcnzoyl -2 -(2 -pyridoyl)- hydrazine  (1-benzoyIhyilrazide  of  picolinic  acid).  To  a  solution  of  10  g  (0.073 
A.  Stepanenko  took  part  in  the  experimental  work. 
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mole)  of  2*|>yrldfnc  carboxylic  (picolinic)  acid  liydrazldc  [7]  in  100  ml  of  dry  pyridine  was  slowly  added  wiili 
good  siiiring  10.2  g  (0.073  mole)  of  benzoyl  chloride  (strong  heating  occurred).  The  resulting  mass  was  stirred 
for  two  Itours,  tlicn  diluted  with  200  ml  of  distilled  water  and  allowed  to  stand  for  two  hours.  Tire  precipitated 
reaction  product  was  filtered  off,  washed  on  tlic  filter  with  water,  and  dried  at  70*.  Yield  13.9  g  (.18^»),  m.  p. 
203-204*.  For  further  purification  tire  substance  was  dissolved  in  dioxanc  and  submitted  to  chromatograpliic  puri 
fication  on  aluminum  oxide  ("for  chromatography"). 

The  substance  was  precipitated  from  dioxanc  solution  by  diluting  it  with  ligroin  and  was  l-bcuzoyl-2-(2- 
pyrldoyl)-hydrazinc,  a  colorless,  crystalline  substance  with  m.  p.  209-210*. 

Found  N  17.25.  CulluC^Nj.  Calculated  %  N  17.43. 

By  analogous  methods,  considering  tlic  methods  described  above,  we  synthesized  all  the  other  acyl  hydra* 
zidcs  of  heterocyclic  acids  which  are  shown  in  the  table. 

SUMMARY 

We  have  synthesized  fifteen  undcscribcd  acyl  derivatives  of  hydrazidcs  of  pyridine-  and  furancarboxylic 
acids  and  have  studied  their  properties. 
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It  has  rceenily  been  shown  that  2,5-diaryl  derivatives  of  1,3,4-oxadiazole  arc  the  best  media  known  in  the 
literature  of  liquids  for  scintillators,  and  there  has  also  been  a  study  of  the  effect  of  some  aromatic  radicals  on 
their  scintillation  properties  [1-3],  Data  on  the  action  of  heterocyclic  substituents  on  scintillation  derivatives  of 
1,3,4-oxadiazole  arc  scarcely  found  in  the  literature.  Therefore,  for  the  study  of  this  question,  wc  have  synthesized 
a  scries  of  new  heterocyclic  derivatives  of  1,3,4-oxadiazoIc  of  the  general  formulas  (A)  and  (B). 


n_''  "  Ar 

^0/ 


R— ;'-R 


R  =  2-furyl,  3-  and  4-p)ridyl; 
Ar  =  phenyl,  1 -naphthyl,  2- 
naphthyl,  4-biphenylyl,  9- 

phenanthryl. 


These  compounds  were  obtained  by  cyclizing  the  corresponding  diacyl  hydrazines  (I)  [4]  by  the  well  known 
scheme  [5-7]. 


n-C-NllNII— C— Ar  — 1  i\— C=N-N=^C— Ar  ' 

I  I,  i  i.i  J 


N  —  N 

non  II  II 

_>  R-C=N-N=-G-Ar  R-C  C-Ar 

I  I  .  \o/ 

Cl  Cl  (IV) 

(HI) 

However,  the  preparation  of  heterocyclic  derivatives  of  1,3,4-oxadiazole  is  complicated  as  compared  to 
compounds  which  contain  only  aromatic  radicals  [5,  6]  because  of  their  considerably  lower  chemical  stability  and 
the  difficulty  isolating  them  from  the  reaction  mass.  This  is  especially  cluractcristic  for  derivatives  of  oxa- 
diazolc  which  contain  even  one  pyridine  radical, since  they  give  hydrochlorides  with  the  hydrogen  chloride  formed 
during  the  reaction.  Therefore  in  such  cases  the  preparation  of  a  substance  as  the  free  base  is  carried  out  by  neutral¬ 
ization  of  its  hydrochloride  with  aqueous  ammonia  or  diethylamine.  Some  of  the  above  mentioned  compounds 
were  also  synthesized  by  heating  the  diacyl  hydrazines  (I)  to  180-200*  in  a  vacuiun  according  to  the  following 
scheme  [8]. 


U-C-NIINMI-C-Ar  ->  (R-C=N-N=C-Arl  „  J  ||  . 

II  II  II 

O  O  Oil  OH 


I 
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In  derivatives  of  1,3,4-oxadlazoIc  obtained  by  both  proce^se^  from  the  same  diacyl  hydrazine,  tlie  properties 
and  elementary  analysis  for  nitrogen  were  analogous. 

Purification  of  these  compounds  was  carried  out  by  crystallization  from  a  suitable  solvent  and  by  chroma - 
tograpliy  on  aluminum  oxide. 

Tlic  heterocyclic  derivatives  of  l,n,4-oxadiazolc  synthesized  in  the  present  work  were  colorless,  crystalline 
substances,  soluble  in  benzene,  toluene,  pyridine,  alcohol,  acetone,  and  dioxanc;  soluble  with  difficulty  in  ligroin 
and  water.  Tiicy  dissolved  in  hydrochloric  acid  with  formation  of  salts  which  were  also  obtained  by  passing  hydro¬ 
gen  ciiloridc  through  tlieir  benzene  solutions.  When  dicy  were  heated  with  aqueous  solutions  of  mineral  acids  and 
alkalis,  they  underwent  hydrolysis. 


EXPERIMENTAL* 

Synthesis  of  2,5-di(3-pyridyl)-l,3,4-oxadiazolc.  A  mixture  of  2.5  g  of  l,2-di(3-pyridoyl)-hydrazinc  [4] 
and  40  ml  of  phosphorus  oxychloride  was  boiled  in  a  flask  with  a  reflux  condenser  for  20  hours.  Then  about  30  ml 
of  POCI3  was  distilled  from  the  reaction  mixture  and  the  residue  was  carefully  poured  into  a-'beaker  which  con¬ 
tained  100  ml  of  water  with  ice  (strong  heating  took  place).  The  resulting  mass  stood  overnight,  after  which,  with 
good  cooling,  it  was  neutralized  to  litmus  with  concentrated  ammonia  (80-85  ml)  to  a  clearly  alkaline  reaction. 
The  precipitated  product  after  ice  cooling  was  filtered,  washed  on  the  filler  with  5  ml  of  distilled  water,  and  dried. 
After  cluomatographic  purification  on  aluminum  oxide  using  benzene  as  the  solvent  we  obtained  pure  2,5-di(3- 
pytidyl)-l,3,4-ox3diazole  with  a  yield  of  0.53  g  (23'7o),  m.  p.  188*. 

Syntlics is  of  2-(2-naphthyl)-2-(4-pyridyl)-l,3,4-oxadiazolc.  Tiiirteen  g  of  l-(2-naphthoyl)-2-(4-pyridoyl)- 
hydrazinc  14]  and  G5  ml  of  POCI3  were  boiled  for  11  hours  and  left  overnight.  The  resulting  mixture  was  careful¬ 
ly  poured  into  400  ml  of  water  with  energetic  stirring  and  cooling.  The  resulting  hot  solution  was  filtered  from  the 
insoluble  precipitate  and  cooled  with  ice.  The  precipitate  was  filtered,  waslicd  on  the  filter  with  a  small  amount 
of  water,  and  dried.  The  yield  of  2-(2-naphihyl)-5-(4-pyridyl)-l,3,5-ox3diazole  hydrochloride  was  9.76  g,  m,  p, 
225*  (with  decomposition).  To  obtain  the  free  base  we  boiled  the  substance  with  200  ml  of  alcohol  to  which  in 
the  course  of  30  minutes  we  added  20  ml  of  diethylamine.  After  30  minutes,  the  whole  mass  was  poured  into 
400  ml  of  water.  After  good  cooling,  the  precipitate  was  filtered  off, washed  on  the  filter  witit  water-(100  ml) 
and  dried;  yield  7.2  g.  Then  the  benzene  solution  of  the  substance  was  purified  chromatographically  on  aluminum 
oxide  with  later  precipitation  from  tlic  solvent  by  addition  of  ligroin,  and  then  was  twice  recrystallizcd  from 
benzene  with  the  use  of  activated  charcoal.  Yield  1.82  g  (15^9).  ni.  P*  177.5-178*. 

^nthesis  of  2-(2-furyl)-5-(3-pyridyl)-l,3,4-oxadiazole.  Seventeen  g  of  l-(2-furoyl)-2-(3-pyridoyl)- 
hydrazine  [4]  and  80  ml  of  POCI3  were  boiled  for  eight  hours.  The  excess  phosphorus  oxychloride  was  distilled 
in  a  vacuum  and  the  residue  was  poured  into  180  ml  of  water.  After  cooling,  tlic  mass  was  neutralized  with  am¬ 
monia  (50  ml)  to  a  neutral  reaction  to  litmus,  and  the  precipitate  was  filtered,  washed  with  water  (50  ml)  and 
dried;  yield  14.4  g.  This  substance  was  dissolved  in  acetone  (200  ml),  treated  with  activated  charcoal,  twice 
passed  through  a  layer  of  aluminum  oxide,  and  precipitated  with  ligroin  (600  ml),  m.  p.  130*.  Then  the  product 
was  again  dissolved  in  acetone  (50  ml),  150  ml  of  distilled  water  was  added,  and  the  mixture  was  well  cooled. 

The  precipitate  of  2-(2-furyl)-5-(3-pyridyl)-l,3,4-oxadiazolc  was  filtered,  washed  on  the  filter  with  water,  and 
dried;  yield  2.5  g  (16^9),  m.  p.  130-131*. 

Syntliesis  of  2-(2-furyI)-5-(2-naplithyl)-l,3,4-oxadlazole.  A  mixture  of  l-(2-furoyl)-2-(2-naphihoyl)- 
hydrazinc(47  g)[4]and  IC'O  ml  of  phosphorus  oxychloride  was  boiled  under  reflux  for  five  hours.  After  cooling,  the 
reaction  mass  was  distilled  in  a  vacuum  to  remove  110  ml  of  POCI3  and  the  residue  was  slowly  poured  into  450 
ml  of  water  with  stirring.  The  precipitate  was  filtered  off,  washed  with  water  on  the  filter,  and  dried.  After  rc- 
crystallization  from  benzene  with  later  chromatography  of  a  dioxanc-benzene  solution  (1  ;  1.5)  over  aluminum 
oxide  (precipitating  witli  ligroin)  we  obtained  2-(2-furyl)-5-(2-naphthyl)-l,3,4-oxadiazolc  with  a  yield  of  18.8  g 
(437,).  m.  p.  144.5-145*. 

In  an  analogous  way  we  obtained  the  other  heterocyclic  derivatives  of  1,3,4 -oxadiazole  shown  in  the  table. 


•  L,  A,  Stepanenko  took  part  in  the  experimental  work. 
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Heterocyclic  Derivatives  of  1,3,4-Oxadiazole 


No. 

Name 

Melting 

Yield. 

Empirical 

•/,N 

point 

formula 

found  < 

:alculated 

1 

2.5-Di-(3-pyridyl)-l,3,4-oxadiazole 

ISS® 

23 

C,2lI,ON4 

24.70 

24.99 

2 

2 -Phenyl -5 -(3-pyr  idyl) -1,3,4- 
oxadiaxole 

126-12G.5 

44 

CnlluONa 

18.87 

18.83 

3 

2-(l-Naphtliyl)  -r)-(3-pyridyl)- 
1.3.4-oxadiazole 

133-13G 

34 

C,;II„0N3 

15.22 

15.33 

4 

2-(4-niphcnylyl)-5-(3-pyridyl)- 

1,3,4-oxadiazole 

172.5-173.5 

15 

CiqH  13OH3 

13.97 

11.04 

f) 

2-Phenyl-5-(4-pyridyl)- 

1.3.4-oxadiazole 

145 

1 

20 

C13HQON3 

18.76 

18.83 

ri 

2-(2-.=  uryl)-5-(3-pyridyl)- 
1.3,4-oxadiazole 

130-131 

16 

C11II7O3N3 

20.01 

19.71 

1  I 

2-(2-Furyl)-5-(4-pyridyl)- 
1. 3,4-oxadiazole 

148—149 

11 

C11II7O2N3 

19.14 

19.71 

8  1 

2-(  j-^■uryl)-o-(l-naphthyl)- 
l..'^.4-oxadiazole 

104-105 

41 

CicHl0^2i^2 

10.92 

10.68 

!( 

2-(2-ruryl)--')-(2-naphthyl)- 
]  .3,4-oxadiazole 

144.5—145 

43 

CJ0II10U2N2 

10.81 

10.68 

lit 

2-(2-ruryl)-5-(  t-biphenylyl)- 
1,3,4-oxadiazole 

135—135.5 

34 

CjjjllijO-iNa 

9.75 

9.72 

It 

2-(2-Naphthyl)-5-(3-pyridyl)- 

1,3,4-oxadiazole 

157.5-158.5 

11 

15.45 

15.38 

12 

2-(4-Biphenylyl)-5-(4-pyridyl)- 

1,3,4-oxadiazole 

173-174 

20 

C19H13ON3 

14.26 

14.04 

13 

2-(2-Furyl)-5-(9-phenanthryl)- 

1,3,4-oxadiazole 

243-213.5 

20 

CoqH  12O2N2 

9.03 

8.86 

14 

2 -(1 -Naphthyl  )-5 -(4 -pyridyl)- 
1,3,4-oxadiazole 

143-144 

14 

C17II J1UN3 

15.66 

15.38 

1.5 

2-(2-Naphthyl)-r)-(4-pyridyl)- 

1.3,4-oxadiazole 

177.5-178 

15 

CJ7II11ON3 

1.5.28 

15.38 

SUMMARY 

We  have  synthesized  fifteen  undescribed  heterocyclic  derivatives  of  1,3,4-oxadiazoIe  and  studied  some  of 
their  properties. 
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6.5*DIMETHYL-2-HEXENE  WITH  SODIUM  ACETOACETIC  AND  SODIUM  MALONIC 
ESTERS  s  IV 
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In  order  to  study  the  possibility  of  use  in  organic  synthesis  of  the  adducts  of  tertiary  halogen  derivatives 
with  diene  compounds,  we  have  studied  the  reaction  of  l-chIoro-5,5-dimethyl-2-hexcnc  (the  adduct  of  tertiary 
butyl  chloride  to  divinyl)  and  l,3-dichIoro-5,5-dimcthyI-2-hexene  (the  adduct  of  the  same  halogen  derivative 
to  chloroprcne)  with  sodium  acetoacetic  and  sodium  malonic  esters. 

It  was  shown  previously  that  these  halogen  derivatives  easily  form  the  corresponding  aldehydes-in  the  Som- 
mclct  reaction  [1].  The  reaction  with  sodium  acetoacetic  ester  has  also  been  studied  for  other  lelomers  [2], 

The  experiments  showed  that  under  ordinary  conditions  from  both  of  the  chlorides  studied  and  sodium  aceto¬ 
acetic  ester  there  was  obtained  an  unsaturated  ketone  with  a  quaternary  carbon  atom  at  the  end  of  the  chain  ac¬ 
cording  to  the  scheme: 


(CIl3)3CCIl2CX=CIlGIl2Cl  — > 

-*-(CIl3)3CCIl2CX  =  CllCIl2CIl2COCll3 
XI)  X  =  H,  (11)  X  =C1. 

Tile  resulting  ketones  were  colorless  oils  with  a  pleasant  odor,  insoluble  in  water.  They  easily  formed 
crystalline  products  v.'ith  hydrazine  derivatives. 

In  the  infrared  spectra  of  ketones  the  carbonyl  group  accounts  for  two  frequencies  1717  and  1727  cm'*  of 
medium  intensity,  the  double  bond  for  the  weak  frequencies  1G27  and  1G5G  cm'*  respectively.  In  the  spectrum 
of  ketone  (I)  there  is  an  intense  frequency  of  deformation  CM  oscillation  of  the  grouping  -CH=CH-  (trans)  at 
970  cm'*  and  the  analogous  frequency  for  the  vinyl  group  is  absent.  Hence  in  the  condensation  there  is  no  re¬ 
arrangement  of  the  reaction  centers,  and  the  isomeric  ketone  with  the  vinyl  group  is  not  formed.  In  the  spectrum 
of  ketone  (II)  the  analogous  oscillation  in  the  grouping  -CCI=CH-  is  evidently  the  medium  intensity  frequency 
840  cm'*.  In  both  spectra  there  is  an  intense  frequency  characteristic  for  ketones  about  13G0  cm'  *.  The  frequen¬ 
cies  1160  and  1240  cm**  are  evidently  connected  with  the  presence  of  the  quaternary  carbon  atom  (Fig.  1,  curves 
1  and  2). 

In  carrying  out  the  condensation  with  sodium  acetoacetic  ester  there  is  usually  obtained  a  small  high-boiling 
fraction.  Judging  by  the  infrared  spectrum  the  higher  fraction  obtained  with  substance  (1)  is  an  unsaturated  ketone 
(the  spectrum  has  frequencies  1717  and  1G40  cm'*)  and  contains  the  grouping  -CH=CH-  (there  is  a  frequency  971 
cm'*)  (Fig.  1,  curve  3).  Evidently  this  product  comes  from  reaction  of  the  chloride  with  sodium  acetoacetic  ester 
In  the  ratio  2  :  1.  The  substance  was  not  further  investigated. 


3212 


nlkciic  innlonic  esters,  but  in  poor  yields. 

( r,  1 13)30  C I  loC  X=C  1 1  Cl  I  ,jCl 
(Cl  Ij);,!:  c  1 1  .,c  X  C 1 1 C 1 1  1 1  ( c  00  CoMrOa 

(Hi)  (V) 

— >  ( 0113)300 1 12C  X  r^C  M  0 1  laOM^COO  1 1 

(IV)  (VI) 

(111),  (IV)  x  =  H.(V),  (VI)  X  =  ei. 


Fig.  2.  Infrared  transmission  spectra;  1)  2,2-di- 
iTiethyl-4-hcxenyImaIonic  ester,  2)  7 ,7-dimethyl- 
4-octcnoic  acid,  3)  4-chIoro-2,2-dimctIivl-4- 
hexcnylmalonic  ester,  4)  5-chIoro-7,7-dirncthyl- 
4-octenoic  acid. 


Saponification  of  esters  (III)  and  (V)  gave  their  corresponding  unsaturared  monobasic  acids  with  quaternary 
carbon  atoms  (IV)  and  (VI).  Among  the  side  products  in  this  synthesis  we  observed  an  unsaturated  carbonyl  com¬ 
pound  wliose  nature  was  not  established. 

As  in  the  reaction  with  sodium  acetoacetic  ester,  the  exchange  with  sodium  malonic  ester  goes  without 
allyl  rearrangement.  In  the  infrared  spectra  of  the  esters  (III)  and  (V)  and  the  acids  (IV)  and  (VI)  there  arc  no 
characteristic  deformation  frequencies  for  the  vinyl  group  (Fig.  2),  At  the  same  time,  in  the  spectra  of  ester 
(III)  and  acid  (IV)  there  isa sufficiently  intense  frequency  characteristic  for  the  group  -CIi=CH-  (about  970  cm*^). 
The  valence  frequency  of  the  double  bond  is  differentiated  only  in  the  spectra  of  ester  (V)  and  acid  (VI)  (1656 
cm"^). 


EXPERIMENTAL 

The  metliod  of  preparation  and  constants  of  the  starting  halogen  derivatives  with  quaternary  carbon  atoms 
were  described  in  previous  communications  from  our  laboratory  [1,  3].  Their  reaction  with  sodium  acetoacetic 
and  sodium  malonic  esters  was  carried  out  under  the  usual  conditions  [4], 

2,2-Dimcthyl-4-noncn-8-onc.  To  sodium  acetoacetic  ester  obtained  frotn  5.35  g  of  metallic  sodium,  170 
mi  of  anhydrous  alcohol,  and  35  g  of  frcslily  distilled  acetoacetic  ester  wc  added  in  the  course  of  1,5  hours  with 
stirring  and  cooling  34  g  of  l-chIoro-5,5-dimethyI-2-hexcnc.  The  mixture  was  stirred  1.5  hours  at  40-50*  (water 
bath)  and  allowed  to  stand  overnight.  Then  after  heating  at  60-70*  for  1.5  hours  the  mixture  was  treated  with 
100  ml  of  ]0'7j  NaOii  and  heating  was  continued  for  three  hours  more  at  the  same  temperature.  The  mixture  was 
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acidified  to  clear  separation  Into  layers  with  hydrochloric  acid,  the  upper,  slightly  colored  layer  was  separated, 
washed  with  bicarbonate  solution  and  water,  dried  over  Na2S04,  and  vacuum  distilled  (10  mm).  We  thus  ob¬ 
tained  the  following  fractions:  1st  to  86*,  4.7  g;2nd  86-95*,  19  g;  3rd  95-120*,  2.7  g;  4th  120-122*  (4  mm)  2.6  g. 
Residue  7.8  g. 

By  repeated  distillation  of  the  second  fraction.  It  came  over  almost  entirely  within  1*.  The  yield  of  the 
ketone  was  about  507*. 

2,2-Dlmethyl-4-nonen-8-one  had  the  following  constants, 

B.  p.  88.5-89.5*  (10  mm),  dj®  0.8346,  n^  1.4394,  MR  53.03;  calc.  52.54. 

Found  ‘7*:  C  78.34,  78.50;  11  12.04,  12.08.  M  164.6,  165.4.  CuHjoO.  Calculated  <7.:  C  78.51;  H  11.98. 

M  168.3. 

Infrared  spectrum:  907  (w),  970  (s),  1161  (m),  1200  (w),  1238  (m),  1365  (s),  1390  (w),  1406  (w),  1430  (w), 

1464  (w),  1627  (w),  1717  (s),  1724  (s)  cm'». 

The  semicarbazone  had  m.  p.  124.5-125*  (from  aqueous  alcohol).  Fine,  colorless  needles. 

Found ‘7«:  N  18.26,  18.22.  C^ilzaONj.  Calculated  %:  N  18.65. 

The  2,4-dinitrophenylhydrazone  had  m.  p.  101-101.5*  (from  alcohol).  Fine  orange  rods. 

Found  N  15.68,  15.95.  C17H24O4N4.  Calculated  N  16.08. 

4-Chloro-2,2-dimethyl-4-noncn-8-one.  From  120  ml  of  anhydrous  alcohol,  2  g  of  metallic  sodium,  15  ml 
of  acctoacetic  ester,  and  15  g  of  l,3-dichIoro-5,5-dimethyI-2-hexcnc  we  obtained  about  18  g  of  reaction  product 
from  which  vacuum  fractionation  gave  9.4  g  (56‘79)  of  4-chIoro-2,2-dimethyl-4-nonen-8-one. 

B.  p.  113-115*  (10  mm),  df  0.9619,  nJJ  1.4608,  MR  57.80;  calc.  57.41. 

Found  C  65.58,  65.67;  H  9.53,  9.63;  Cl  17.69,  17.42.  M  193.6,  194.1.  CuHijOCl.  Calculated  C  65.17; 
H  9.44;  Cl  17.49.  M  202. 

Infrared  spectrum:  742  (m),  814  (w),  840  (m),  898  (m),  912  (v.  w),  928  (v.  w),  967  (m),  994  (v.  w),  1062 
(w),  1089  (m),  1160  (s),  1238  (s),  1252  (m),  1321  (w),  1359  (s),  1398  (w),  1412  (s),  1429  (m),  1444  (m),  1465  (m), 
1480  (w),  1656  (w),  1717  (m),  1727  (m)  crn'i. 

The  semicarbazone  had  m.  p,  140-140.5* (from  aqueous  alcohol).  Colorless  fine  needles. 

Found  «7o:  N  16.61,  16.84.  Ci2H220N3a.  Calculated ‘T,:  N  16.18. 

The  2,4-dinitrophcnylhydrazone  had  m.  p.  95-95.5*  (from  alcohol).  Fine  yellow  needles. 

Found  *70:  N  14.58,  14.49.  Ci7H2304N4a.  Calculated  N  14.63. 

7,7-Dimethyl-4-octenoic  acid  (IV).  To  sodium  malonic  ester  obtained  from  2.75  g  of  sodium  and  27  g 
(one  and  a  half  fold  excess)  of  freshly  distilled  malonic  ester  in  75  ml  of  anhydrous  alcohol  was  added  dropwise 
with  mechanical  stirring  18  g  of  l-chloro-5,5-dimcthyl-2-hexene.  Reaction  occurred  with  considerable  heating. 
After  addition  of  all  the  chloride,  stirring  was  continued  for  five  hours  more  and  the  bath  temperature  was  gradu¬ 
ally  raised  to  75’,  Then  the  cooled  reaction  mixture  was  poured  into  water  and  the  reaction  product  was  extracted 
with  ether.  The  ether  extract  was  washed  several  times  with  water,  the  ether  was  distilled  off,  and  the  residue 
was  fractionated  in  a  vacuum  (2-3  mm).  We  thus  obtained  the  following  fractions:  1st  33-40’,  11.4  g;  2nd  40- 
54*,  4  g;  3rd  54-60*,  9.9  g  (malonic  ester);  4th  104-108*,  4.7  g  [dicster  (III),  yield  147#]. 

For  5,5-dimethyl-2-hexenylrnalonic  ester  (III)  we  found;  b,  p.  143-145.5*  (10  mm),  d^®  0.9589,  n!®  1.4420, 
MR  74 .45;  calc.  74.31. 

Found  7o;  C  66.28,  66.25;  H  9.71,  9.72.  C15H26O4.  Calculated  7#:  C  66.63;  H  9.69. 

Infrared  spectrum;  772  (v.  w),  856  (w),  072  (m),  1033  (s),  1095  (m),  1144  (s),  1184  (s),  1223  (s),  1256  (s), 
1298  (s),  1328  (s),  13G7  (s).  1301  (m).  144G  (m).  1466  (m),  1736  (s).  1747  (s)  cm’\ 

Two  g  of  ester  (III)  was  saponified  by  heating  with  6  g  of  NaOH  in  17  ml  of  water  to  solution  of  the  oily 
layer.  The  solution  was  acidified  with  20  ml  of  concentrated  HQ  and  tlie  resulting  acid  was  extracted  with  ether. 
Yield  of  acid  (IV)  about  1  g  (GO'V#). 
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Tor  7,7-clinicthyI-2-octctioic  acid  (IV)  wc  found:  b.  p.  135-137'’  (13  nun),  d^® 
calc.  49.45. 

round'’/,:  C  70.3G.  70.80;  H  11.01,  10.87;  Had.  Calcjilatcd 


0.9001,  n^  1.44G0,  Mil  50.44; 
7»:  C  70.55;  H  10. 6G; 


0.59. 


Infrared  spectrum;  728  (v.  w),  77G  (v.  w),  828  (w),  932  (s),  9G8  (s),  1017  (m),  1080  (m),  1144  (m),  1209 (s), 
1240  (s),  128l'(s),'l327'(s),  13G5  (s),  1391  (s),  1411  (s),  1428  (s),  14G3  (s),  1473  (s),  1708  (v.  s)  crn'l. 

From  the  acid  by  the  action  of  thionyl  chloride  in  benzene  and  then  of  ammonia  wc  obtained  the  amide 
with  m.  p.  110-110.5“  (from  aqueous  alcohol). 

Found'’/,:  N  8.28,  8.11;  H^ct.  ^.17.  CigHijON.  Calculated"/,:  N  8.28;  Hact.  1.19. 

We  should  remark  that  in  some  experiments  when  undistillcd  ester  (III)  was  saponified,  along  with  acid  (IV) 
we  obtained  a  carbonyl  compound  which  formed  a  2,4-dinitrophenylhydrazonc  with  m.  p.  179-180.5*. 

Found"/,:  N  18.37,  18.37. 

5-ChIoro-7,7-dimcthyl-4-octenoic  acid  (VI).  Using  an  analogous  method  we  obtained  from  5.1  g  of  sodi¬ 
um,  35.4  g  of  malonic  ester,  and  40  g  of  l,3-dichIoro-5,5-dimcthyI-2-hcx,ene  an  oil,  from  which  vacuum  distil- 
ation  gave  3-chloro-5,5-dimcthyI-2-hexcnyImaIonic  ester  (V)  with  a  yield  of  22.5'/,. 

B.  p.  150-152“  (5  mm),  df  1.0402,  n^  1.4555,  MR  79.57;  calc.  79.18. 

Found  "/,:  C  59.65,  59.3G;  H  8.52,  8.51;  Cl  11.93,  11.99.  Ci5n2504CI.  Calculated  C  59.10;  H  8.27; 

Cl  11.G3. 


Infrared  spectrum:  699  (w),  740  (w),  785  (w),  816  (w),  335  (w),  858  (rn),  885  (w),  957  (w),  1034  (s),  1094 
(s),  1152  (s),  1180  (s),  1193  (s),  1232  (s),  1260  (s),  1330  (s),  1369  (s),  1392  (s),  1448  (s),  1468  (s),  1657  (m),  1737 
(s)  cm'^. 

From  the  saponification  product  of  ester  (V)  by  vacuum  distillation  wc  isolated  a  fraction  135-155“  (4  mm), 
most  of  which  crystallized  in  the  receiver.  Easily  soluble  in  alcohol,  ether,  benzene,  chloroform,  and  dioxane, 

5-ChIoro-7,7-dimcthyI-4-octcnoic  acid  (VI)  had  in.  p.  47-47.5“  (from  aqueous  dioxane). 

Found  '/,:  C  59.22,  59.07;  H  8.30,  8.57;  Cl  17.63,  17.44.  Acid  equiv.20G.3  CiQU|7U2Ci.  Caicuiaied /«;C  53,C7 
H  8.37;  Cl  17.32.  Acid  cquiv.  204.7. 

Infrared  spectrum:  (5"/,  solution  in  CCI.,):  725  (v.  w),  830  (w),  904  (m),  931  (m),  1033  (w),  1083  (w),  1092 
(w),  1122“(v.’w),  1160  (w),  1210  (s),  1243  (s),  1282  (s),  1336  (s),  1413  (s),  1423  (s),  1469  (s),  1656  (m),  1706  (s) 
cm'^. 


The  acid  amide  of  (VI)  had  m.  p.  72.5-73“  (from  aqueous  dioxane). 

Found  "/,;  N  7.18,  6.82;  Cl  17.71,  17.59.  CjoHigONCI.  Calculated  %:  N  6.88;  Cl  17.40. 

Besides  acid  (VI),  in  the  saponification  of  ester  (V)  we  obtained  otlier  products,  especially  an  unsaturated 
carbonyl  compound  (in  the  infrared  spectrum  there  were  frequencies  1659  and  1726  cm'^)  wliich  formed  a  2,4- 
dinitrophcnylltydrazonc  with  m.  p.  125-128“. 

Found*/,:  N  16.79,  16.96. 

This  substance  was  not  further  Investigated, 


SUM MARY 

1.  VVe  have  studied  the  reaction  of  l-chloro-5,5-dimethyl-2-hcxcnc  and  l,3-dichloro-5,5-dimcthyI-2- 
hexene  with  sodium  acctoacciic  and  sodium  malonic  esters, 

2.  We  have  showed  that  in  this  way  can  be  obtained  the  corresponding  ketones  and  acids,  2,2-dimethyI-4- 
noncn-8-one,  4-chIoro-2,2-dimctliyl-4-uoncn-8-onc,  7,7-dimcthyl-4-octcnoic  acid,  and  5-chloro-7,7-dimcthyI 
4-catenoic  acid. 
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3,  Wc  have  studied  the  infrared  spectra  of  thc^c  ketones  and  acids  and  obtained  derivatives:  for  the  ketones, 
crystalline  scmicarbazoncs  and  2,4-djnitrophcnyIhydrazoDcs,  for  the  acids,  crystalline  amides. 
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A  palladium  catalyst,  colloidal  or  on  a  carrier,  is  often  used  in  laboratory  practice  as  a  selective  catalyst 
in  hydrogenation.  However,  in  tlie  case  of  hydrocarbons  with  different  unsaturated  bonds  the  sclectiveness  of  add¬ 
ing  hydrogen  is  not  always  high.  Diene  hydrocarbons  arc  hydrogenated  over  palladium  in  all  possible  directions 
and  the  catalyst  causes  rearrangements,  shifts  of  the  double  bonds  in  the  middle  of  the  carbon  chain  [1],  Alkenyl- 

acetylenes  are  hydrogenated  selectively  on  the  acetylene  bond; 
in  the  case  of  vinylalkylacetylenes  and  vinylacetyler.e  itself 
the  dienes  formed  are  hydrogenated  to  a  considerable  extent 
at  the  same  time  as  the  vinyl  .cctylcnc;,  and  fn  the  hydro¬ 
genation  products  appear  many  olefins,  even  with  partial  use 
of  the  starting  substances  [2-4]. 

The  characteristics  of  the  hydrogenation  of  allene  hydro¬ 
carbons  have  not  been  determined  to  a  sufficient  extent  in  the 
literature. 

We  have  investigated  the  hydrogenation  of  seven  di- 
substituted  allenes  whose  formulas  arc  given  in  Table  1.  We 
have  also  hydrogenated  four  hydrocarbons  of  the  vinyl-  and 
isopropeny  lallenes . 

Here  we  established  that  tlie  hydrogenation  of  allene 
hydrocarbons  occurs  at  an  increasing  rate  up  to  the  absorption 
of  half  the  calculated  amount  of  hydrogen,  after  which  the 
reaction  goes  very  slowly  (Fig.  1).  The  end  products  of  the 
hydrogenation  are  the  corresponding  saturated  hydrocarbons 
(53. 

The  infrared  spectra  of  the  hydrogenation  products  of 
the  allenes  after  half  absorption  of  hydrogen  show  the  almost 
complete  absence  of  allene  compounds  in  them  (by  the  fre¬ 
quencies  875  and  1960  cm'*).  Thus,  hydrogenation  occurs 
strictly  selectively  (Fig,  2), 


Fig.  1.  Curves  of  rate  of  hydrogenation  of 
allenes.  1)  3,4-Octadicnc;  2)  3,4-non- 
adiene;  3)  3,4-dccadiene;  4)  7-methyl- 
2,3-octadicnc;  5)  7-mcthyl-3,4-octadicne; 
C'  6,6-dimcthyl-2,3-heptadienc;  7)7,7- 
dimethyl-3,4-oetadiene. 
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Fig.  2.  Infrared  transmission  spectra  of  the  hydrogenation  products  of 
allene  hydrocarbons  (in  the  ratio  hydrocarbon:  hydrogcn=  1  :  1.  1) 

3,4-Octadicnc;  2)  3,4-nonadienc;  3)  7-mctliyI-2,3-octadienc;  4) 
6,6-dimcthyl-2,3-heptadienc;  5)  7,7-dimcthyl-3,4-octadienc. 

The  course  of  the  curves  for  rate  of  hydrogenation  depends  on  the  structure  of  the  hydrocarbons.  For  hydro¬ 
carbons  with  an  iso  structure  it  is  characteristic  to  have  a  more  rapid  rise  in  the  rate  of  hydrogenation  (especially 
If  tliey  contain  a  tertiary  butyl  radical),  than  for  hydrocarbons  with  a  normal  structure.  No  characteristic  differ¬ 
ences  in  the  rate  of  hycirogenation  of  2,3-  and  3,4-dienes  were  observed  (Fig.  1).  The  effect  of  alkyl  radicals 
is  probably  connected  with  an  increased  polarity  of  the  system.  At  the  same  time,  since  in  the  hydrocarbons  which 
we  studied  branching  of  die  chain  occurred  only  on  the  second  carbon  atom  with  respect  to  the  allene  system, 
spacial  hindrance  could  not  occur. 

Cteonization  of  the  hydrogenation  products  from  3,4-nonadicnc  with  half  the  amount  of  hydrogen  showed 
that  both  possible  olefins  were  formed  at  the  same  time.  In  the  decomposition  of  the  ozonide  propionic,  butyric, 
valeric  and  caproic  acids  were  obtained. 

Hydrogenation  of  vinyl-  and  isopropcnylallcncs  also  takes  place  with  increasing  speed  up  to  the  addition  of 
almost  two  molecules  of  hydrogen,  after  which  the  rate  of  the  reaction  falls  sharply  (Fig.  3).  The  later  molecule  ■ 
of  hydrogen  adds  very  slowly. 

After  addition  of  the  first  mole  of  hydrogen  to  8-mcthyl-l,3,4-nonatrienc  we  did  not  find  in  the  infrared 
spectrum  of  the  hydrogenation  product  the  frequencies  of  allene  (890  and  19G0  cm'^)  and  vinyl  (988  cm‘^)  groups 
and  at  the  same  time  there  appeared  the  frequency  of  deformation  oscillation  of  a  disubstituted  ethylene  group 
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TABLE  1 
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(9C5  cm'*).  Hence  the  first  molecule  of  hydrogen  adds  to  this  hydrocarbon  selectively  In  the  1,4 -position  accord¬ 
ing  to  the  scheme 

cn2=CR-cn=c=cn-R'  — v  cn3-cr-=cii-cn=CH-R'. 

It  is  possible  that  the  known  role  is  here  played  by  the  Isomcrizing  action  of  palladium  catalysts  in  hydro¬ 
genation. 


Time  (min) 

Fig.  3.  Curves  of  rate  of  hydrogenation  for  alkenyl- 
allcncs;  1)  1,3,4 -octatrienc;  2)  1,3,4 -decairiene; 
3)  2-methyl-l,3,4-octatrienc. 


In  the  infrared  spectra  of  analogous  products  of 
partial  hyuiogcnation  of  2-mcthyl-l,3,4-octatricnc  the 
characteristic  frequencies  of  the' isopropcnyl  and  alicne 
groupings  have  not  completely  vanished,  although  they 
are  markedly  weakened  compared  to  the  starting  hydro¬ 
carbons  (Fig.  4).  As  in  the  first  case,  the  frequency  965 
cm*^  appears  In  the  spectrum.  Hence,  the  replacement 
of  hydrogen  In  position  2  by  methyl  shifts  the  hydro¬ 
genation  according  to  the  scheme  given  above,  probably 
because  there  is  some  difficulty  in  adsorption  of  the  conju¬ 
gated  grouping  of  the  starting  hydrocarbon  on  the  ca¬ 
talyst.  However,  as  before  there  is  preferential  addition 
in  the  1,4 -position. 

Thus,  as  a  result  of  this  study  It  has  been  established 
that  hydrogenation  of  disubstituted  allenes  occurs  se¬ 
lectively  and  most  resembles  the  hydrogenation  of  acety¬ 
lenes  with  terminal  acetylene  groupings.  In  the  case  of 
alkenylallenes  the  direction  of  hydrogenation  depends  to 
a  considerable  extent  on  the  structure  of  the  hydrocarbons. 


TABLE  2 

Constants  of  the  Hydrogenation  Products  of  Allene  and  Alkenylallene  Hydrocarbons  (in 
the  Ratio  Hydrocarbon  :  Hydrogen  =  1  ;  1) 


Starling 

hydrocarbon 

B.  p. 

w20 

«  20*  • 

Characteristic  frequencies  (cm'^) 

”  D 

’C=C=C 

'’C=C  1 

*CII 

3.4- 

Octadienc 

122—123® 

0.7161 

1.4108 

None 

1658 

965 

3,4- 

Nonadienc 

145-148 

0.7266 

1.4160 

> 

1658 

967 

7 -Methyl -2, 
3-octadicne 

13S.5-140 

0.7276 

1.4170 

> 

1656 

966 

6,6 -Dimethyl 
2,3 -hep- 
tad  icnc 

-  130-131.5 

1 

0.7164 

1.4078 

» 

1660 

971 

7,7 -Dimethyl 
3,4-oc- 
tadicne 

-154.5-156 

0.7302 

1.4170- 

t 

*  1G60 

971 

8-Metliyl-l, 

3,4-non- 

atricne 

1G3-1C5 

0.7473 

1.4320 

> 

1600-1647 

971 

2 -Me  thy  1-1, 
3,4- 

octatricnc 

146-148 

0.7480 

1 

1.4400 

1960 

(traces) 

1600-1645 

968 

*  Hydrogenation  took  place  with  absorption  of  1.1  mole  H2. 

*  *  The  constants  of  the  mixture  of  ole  fins  were  close  to  those  given  in  the  literature  [8,  9]  for  the  individual  hydro¬ 
carbons,  the  possible  hydrogenation  products  of  allenes  and  alkenylallenes,  and  are  given  in  the  table. 
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Fig.  4.  Infrared  transmission  spectra  of  hydrogenation  products  of 
alkcnylallencs  (in  tlic  ratio  hydrocarbon  :  hydrogen  =1  :  1).  l‘  ) 
8-McthyI-l,3,4-nonatricne;  1^)  its  hydrogenation  product;  2®)  ‘ 
2-nicthyI-l,3,4-octatricne;  2*^)  its  hydrogenation  product,  ^ 

EXPERIMENTAL 

The  allenc  hydrocarbons  were  obtained  by  addition  of  lithium  alkyls  to  vinylalkylacctylcucs,  and,  judging 
by  the  infrared  spectra,  did  not  contain  any  considerable  quantity  of  admixtures  of  isomers  with  a  different  ar¬ 
rangement  of  double  bonds  [5,  G].  Vinyl-  and  isopropcnylallcnes  were  obtained  by  analogous  methods  from  di- 
vinylacctylcne  and  isopropenylvinylacetyicnc  [7], 

Hydrogenation  was  carried  out  in  an  ordinary  reactor  at  a  rate  of  120  oscillations  per  minute.  To  a  solution 
of  0.01  -mole  of  liydrocarbon  in  30  ml  of  metlianol  was  added  1  ml  of  colloidal  palladium  with  a  content  of  1  mg 
of  palladium  in  1  ml.  In  the  ease  of  the  vinylallencs  the  amount  of  catalyst  was  increased  to  3  ml,  since  at 
smaller  amounts  in  some  eases  poisoning  occurred.  Tlic  experimental  data  arc  given  in  Table  1  and  Figs.  1  and  3. 

For  the  five  allene  hydrocarbons  we  carried  out  hydrogenation  of  large  saiiipiw  half  i!; ;  >'alcnlatc4 
amount  of  hydrogen.  We  tints  obtained  a  mixture  of  3-  and  4-alkcncs  witli  the  constants  given  in  Table  2,  Thus, 
for  example,  6.09  g  of  3,4-octadicne  was  hydrogenated  in  30  ml  of  methanol  in  the  presence  of  5  ml  of  colloidal 
palladium  to  absorption  of  1323  ml  of  hydrogen  (774.G  mm,  19“).  The  reaction  mixture  was  diluted  with  water 
and  distilled  until  the  hydrocarbott  stopped  coming  over.  The  distillate  was  dried  witli  CaCl2,  the  hydrocarbon 
was  separated  and  distilled.  We  obtained  5.5  g  of  substance  (OO'/u).  The  cotistanis  are  given  in  Table  2.  They 
are  close  to  those  given  in  the  literature  for  3-  and  4-octcnes  [8], 

Tlic  infrared  spectra  of  the  hydrocarbon  mixtures  are  given  in  Fig.  3.  The  spectra  do  not  show  frequencies 
for  allene  groupings.  The  double  bond  corresponds  to  a  very  weak  valence  frequency  of  1661  cm'^  and  a  strong 
deformation  frcqticncy  of  965  ern'^,  which  shows  the  presence  of  the  grouping-cil  =  Cll-(trans). 

The  hydrogenation  products  of  3,4-nonadicne  were  ozonized.  We  ozonized  2.9  g  of  substance  in  20  ml  of 
ethyl  chloride.  The  ozonide  was  decomposed  by  heating  with  15‘7»  hydrogen  peroxide.  The  aldehydes  were  oxi¬ 
dized  with  potassium  permanganate.  The  resulting  acids  were  extracted  in  an  extractor  with  a  stirrer  using  ether 
and  after  the  ether  had  been  distilled  off  they  were  distilled  in  a  microcolumn.  We  thus  obtained  fractions  which 
corresponded  to  all  four  possible  acids  in  their  properties.  The  acids  were  converted  to  their  silver  salts  and  the 
latter  were  analyzed. 

Silver  propionate  (rccrystallized  from  water).  Found  7o:  Ag  59.01.  C3n502Ag.  Calculated ‘/o:  Ag  59.61, 

Silver  butyrate.  Found ‘’/o:  Ag  55.33.  C4n702Ag.  Calculated  Ag  55.24. 

Silver  valerate.  Found  ^/o:  Ag  49.85.  C5H302Ag.  Calculated  Ag  51.63. 

Silver  caproatc.  Found ‘7o;  C  32.94;  H  5.42.  C(;nu02Ag.  Calculated ‘7<.;  C  32.30;  H  4.94, 
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For  the  two  alkcnylallcnc  hydrocarbons  we  carried  out  hydrogenation  of  larger  samples  In  a  ratio  of  liydro- 
carbon  :  hydrogen  =  1  :  1.  The  constants  and  characteristic  frequencies  of  the  hydrogenation  products  are  given 
in  Table  2. 

SUMMARY 

1,  We  have  studied  some  regularities  in  the  hydrogenation  of  disubstituted  allenc  hydrocarbons:  3,4- 
octadiene,  3,4-nonadienc,  n,4-dccadicne,  7-mcthyI-2,3-octadicnc,  7-methyI-3,4-octadicne,  6,6-dimethyl-2,3- 
heptadieue,  and  7,7-dIn*cthyl-3,4-octadicnc. 

2,  We  have  shown  that  addition  of  the  first  mole  of  hydrogen  usually  goes  with  Increasing  rate,  after  which 
the  hydrogenation  process  Is  greatly  slowed.  In  the  case  of  hydrocarbons  with  an  iso  structure  this  rule  is  shown 
more  sharply. 

3,  We  have  showed  that  hydrogenation  of  allcncs  goes  selectively,  and  with  absorption  of  half  the  calcu¬ 
lated  amount  of  hydrogen  tliere  is  formed  a  mixture  of  olefins  with  double  bonds  in  the  2-,  p-,  or  4-posItions, 
Allene  hydrocarbons  react  fully  here. 

4,  Hydrogenation  of  alkcnylallcncs  (1,3,4-octatriene,  1,3,4-decatriene,  2-methyl-  1,3,4-octatricne  and 
8-mcthyl-l,3,4-octatricnc)  occurs  in  an  analogous  way:  after  absorption  of  about  two  moles  of  hydrogen  the 
rate  of  the  reaction  falls  steeply.  Allene  hydrocarbons  and  hydrocarbons  with  terminal  double  bonds  vanish  en¬ 
tirely  or  to  a  considerable  extent  after  absorption  of  the  first  mole  of  hydrogen. 
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EXPERIMENTAL  SYNTHESES  IN  THE  D I  P  Y  R  R  Y  L  M  ET  H  E  N  E  SERIES 

E.  I.  Filippovich,  R.  P.  Evstigneeva, 

and  N.  A.  Preobrazhcnskli 

Moscow  Iiistitntc  of  Fine  Chemical  Technology 
Translated  from  Zhur.  Ohshch.  Khim.,VoI.  30,  No.  10,  • 
pp.  3253-3257,  October,  1960 
Original  article  submitted  July  20,  1959 

The  mesocarbmethoxymcthylpyrromcthenes  are  of  the  greatest  interest  in  the  synthesis  of  porphyrins  of 
the  type  of  pheophorbide  a,  pheoporphyrin  aj,  pheophytin,  and  chlorophyll.  There  is  a  well  known  synthesis 
for  this  class  of  compounds,  which  consists  of  oxidizing  the  dipyrrylpropionic  esters  which  are  formed  by  tlie  con 
densation  of  formyl  acetic  ester  [1],  the  acid  chloride  of  monoeihyl  malonic  ester  [21,  a  monoester  of  tartaric 
acid  [3]  or  of  one  of  the  pyrrylacrylic  acids  [1]  with  pyrroles  which  are  unsubstituted  in  the  a-  or  6 -position. 
However,  the  majority  of  these  methods  can  be  used  to  prepare  only  symmetric  dipyrrylpropionic  esters.  The 
synihesis  of  unsymmctric  meso-substitnted  dipyrrylmethenes  presents  considerable  problems. 

In  the  present  work  we  studied  the  preparation  of  meso-substituted  dipyrrylmethenes  through  the  corre¬ 
sponding  kcto-componnds.  In  the  condensation  of  pyrrylsubstitutcd  3-ketoacids  with  pyrroles  having  the  cc- 
position  free,  meso-subslituted  pyrrotnethenes  are  formed.  The  reaction  was  studied  for  the  case  of  the  ethyl 
ester  of  0 -(2,4-dimei!iyI-3-carbei!io:;ypyrfyI-5)-3  !;cto,':cp!cn!''  .".r’v!  (!),  rh'>  -’•byl  rst^r  ‘?-(2,3- 

dimcthyl-4-carbctlioxypyrryl-5)-3-l<ctopropionic  acid  (II),  which  were  condensed  with  2,4-dimethyl-3-carbeth- 
oxypyrrolc  (III)  and  2,3-dimcthyI-4-carbcthoxypyriole  (IV), 
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The  Initial  pyrroles  were  prepared  by  Knorr's  synthesis  [4]. 

lltCjOOC^  ^Clla 

ir~ I  -(ni)-.(i) 

naC^N^^COOCaUs 

II 

In  the  2,4-dlme'hyI-3,5-dicarbethoxypyrroIc,  the  a-carbethoxy  group  is  hydrolyzed  with  alcoholic  alkali 
decarboxylizaiion  is  carried  out,  and  then  tlic  2,4-dinicthyI-3-carbcthoxypyrrolc  (111)  is  condensed  with  cyanoacetic 
ester  to  give  compound  (1).  The  2,3-dimcthyl-4-carbc.thoxypyrrolc  (IV),  prepared  by  the  reaction  in  alkaline  so¬ 
lution  between  oxalic  ester  and  aminobutanone  hydrochloride,  with  subsequent  decarboxylizaiion,  is  converted 
by  condensation  with  cyanoacetic  ester  to  the  ethyl  ester  of  0 -(2,3-ditnethyl-4-carbcthoxypyrryl-5)-6 -ketopro- 
pionic  acid  (II). 
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The  condensation  of  (I)  and  (II)  with  (III)  and  (IV)  was  carried  out  in  chloroform  or  benzene  in  the  presence 
of  phosphorus  pcntoxidc.  In  the  condensation  of  (I)  with  (III),  the  3,3' ,  5,5’  -  tetramethyl-4,4  -  dicarbethoxy- 
mcsocarbcthoxymethylpyrromethene  (V)  .separated  out  in  the  form  of  an  amorphous  violet  colored  powder.  On 
slight  alkalization  of  the  alcoholic  solution  of  dipyrrylmethene  the  violet  color  changes  to  cinnamon  red.  The 
same  color  change  is  observed  on  passing  a  benzene  solution  of  dipyrrylmethene  (V)  through  an  aluminum  oxide 
column.  Here  there  is  a  rearrangement  of  the  methene  system  (V)  into  the  tautomeric  ethylene  form  (VIII),  which 
after  separation  of  alcohol  forms  the  lactam  (IX). 
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The  possibility  of  such  transformation  was  demonstrated  by  Treibs  and  co-workers  [6].  The  structure  of 
3,3*  -5,5’  -  tctramethyI-4,4’-dicarbethoxymesocarbethoxymethylpyrromethene  (V)  and  the  lactam  (IX)  is  supported 
by  infrared  spectra  data.  The  condensation  of  (II)  with  (III),  and  (II)  with  (IV),  leads  to  dipyrrylmethenes  having 
a  bright  yellow  color,  A  bright  red  color  from  compound  (VI)  and  a  violet  color  from  compound  (VII)  are  ob¬ 
served  in  acid  solution,  as  well  as  in  the  substance  freshly  precipitated  from  acid  solution,  but  on  standing  and 
rccrystallization  it  is  easily  changed  to  bright  yellow.  Thus,  for  the  methenes  under  consideration,  the  ethylene 
form  seems  to  be  the  more  stable  one. 


EXPERIMENTAL 

Ethyl  ester  of  0-(2,4-dimethyl-3-carbcthoxypyrryl-5)-6 -kctopropionic  acid  (I).  Dissolve  5  gm.  2,4-di- 
mcihyl-3-carbcihoxypyrroIc  (III)  (m.  p.  75-70°)  and  7  gm.  of  the  ethyl  csicrof  cyanoacetic  acid  in  25  ml  of  ab¬ 
solute  ether,  and  after  cooling  to  -15°,  pass  a  stream  of  dry  HCl  through  for  one  hour.  I.et  stand  for  three  hours. 
Remove  the  ether  in  vacuum,  add  50  ml  of  water  to  the  residue,  and  heat  for  five  minutes  on  a  water  batii  (C0~G5). 
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On  cooliiij;,  long  needle  slinped  crystals  precipitate  out.  Separate  and  recrystallizc  from  alcohol.  Yield  7.25  gm. 
(80.27*’).  M.  p.  140.5 -142*. 

Found  7.:  C  50.49;  II  6.82;  N  4.85.  Ci^lligOsN.  Calculated  7o;  C  59.78;  11  6.7G;  N  4.98. 

2,4-Diincttiyl-n-carhcthoxy-5-carhoxypyrrolc.  Add  four  grams  of  metallic  sodium  to  30  ml  of  alcohol. 

After  all  the  sodium  has  reacted,  pour  in  3.5  ml  of  water  and  add  a  solution  of  40  gin.  2,4-dimethyl-3,5-dl- 
carbethoxypyrrole  (m.  p.  134  - 135’)  in  150  ml  of  alcohol,  and  heat  under  a  reflux  condenser  for  two  hours.  Dis¬ 
till  off  the  alcohol  in  vacuum.  Dissolve  the  residue  in  250  ml  of  water,  filter,  and  after  cooling  with  ice,  separate 
the  free  acid  by  acidifying  with  20’/»  sulfuric  acid.  Yield  32.1  gm.  (90.67#).  M.  p.  202*(dccomp.)*[5]. 

3,3'  ,  5,5 *  -  Tctramcthyl-4,4  '  -dicarbethoxymcsocarbcthoxymciliylpyrromethcne  (V).  Dissolve  one  gram 
of  the  ethyl  ester  of  3 -(2,4-diinetiiyI-3-carbcthoxypyrryl-5)-6 -ketopropionic  acid  (rn.  p.  140.5-  142*)  and  0.6 
gm.  2,4-dimethyl -3-carbcthoxypyrrolc  (m.  p.  75  -76")  in  50  ml  anhydrous  benzene,  add  two  grams  of  phosphorus 
pentoxide,  and  boil  for  three  hours.  The  solution  takes  on  a  red-violet  color.  Decant  the  benzene  solution.  Ex¬ 
tract  the  residue  with  anhydrous  benzene  (three  times,  20  ml  each).  Wash  the  collected  benzene  extract  with 
water  to  the  disappearance  of  acid  reaction  withCongo  red.  Distill  off  the  solvent  in  vacuum.  Rccrystallize  the 
residue  from  1  ;  1  alcohol  and  water.  Yield  0.65  gm.  (43.97«).  M.  p.  70-72*. 

Found  7#:  C  64.10;  H  6.81;  N  6.83.  CjjHooOsNj.  Calculated  7<,;  C  64.20;  H  6.93;  N  6.53. 

After  washing  the  mixture  of  structural  isomers  with  benzene,  separate  the  dipyrrylmethene  with  m.  p.  184- 

186*. 

Found  7o;  C  64.25;  H  6.80;  N  6.50.  C23H30O6N2.  Calculated  7#:  C  64.20;  H  6.98;  N  6.53. 

3,3’  ,5,5’  -  Tetramethyl-4,4  ’ -dicarbcthoxymcsolactampyrromethene  (IX).  a)  Dissolve  0.5  gm.  3,3*  -, 

5,5’  -tetraniethyI-4,4’  -dicarbethoxymesocarbethoxymethylpyrrometheiie  in  10  ml  of  alcoliol.  and  add  five  drops 
of  a  1070  solution  of  alkali.  This  changes  the  violet  eolor  to  cinnamon  red.  Add  the  alkaline  solution  to  20  ml 
of  water,  and  extract  the  substance  with  ether.  Remove  solvent.  Wash  the  residue  several  times  with  benzene. 
Yield  0.28  gm.  (62.67o).  M.  p.  132  -134*. 

Found  7(,:  C  65.58;  H  6.32;  N  6.99.  C2iH2.,OsN2.  Calculated  7#:  C  65.60;  H  6.25;  N  7.29. 

b)  Dissolve  0.15  gm.  3,3'  ,  5,5’  -tctrameTh''l-4,'t  ’  in 

25  ml  of  dry  benzene,  and  pass  through  a  column  filled  with  aluminum  oxide.  The  material  is  adsorbed  in  the 
upper  part  of  the  column.  Elute  with  a  1:1  mixture  of  benzene  and  alcohol.  From  the  brownish 
fraction,  which  makes  up  most  of  the  volume,  extract  a  brick  red  substance.  Yield  0.076  gm.  (50.67#).  After 
washing  with  the  petroleum  ether  m.  p.  132-134*. 

Found  7«:  C  65.61;  H  6.18;  N  7.20.  C2iH2.,05N2.  Calculated  C  65.60;  H  6.25;  N  7.29. 

Ethyl  ester  of  6 -(2,3-dimcthyI-4-carbethoxypyrryI-5)-fl -ketopropiohic  acid  (II).  Dissolve  3.02  gm.  2,3- 
dimethyl-4-carbethoxypyrroIe  (IV)  (m.  p.  110  - 111^  and  four  grams  of  the  ethyl  ester  of  cyanoaceticacid  in  40  ml 
of  absolute  ether.  After  thorough  cooling  for  three  hours,  pass  through  a  stream  of  dry  HCI,  and  let  stand  over¬ 
night.  Remove  the  ether,  and  dissolve  the  residue  in  200  ml  of  water.  Filter  the  aqueous  solution,  and  heat  to 
50  -60*  for  20  minutes.  An  oil  separates  out,  which  solidifies  on  cooling.  Separate  the  precipitate,  recrystallize 
from  alcohol,  and  dry  in  a  vacuum  dessicator.  Yield  3.26  gm.  (61.57#).  M.  p.  56-57*. 

Found  7.:  C  59.83;  H  6.5;  N  5.04.  Cj^HigOjN.  Calculated  C  59.75;  H  6.80;  N  4.98. 

4,5,3'  ,  5  ' -Tctramcthyl-3,4 •  -dicarbcthoxymcsocarbethoxymeihylpyrromethenc  (VI),  Dissolve  0.38  gm. 
of  the  ethyl  ester  of  fl -(‘^|3-dimethyl-4-carbethoxypyrryI-5)-3  -ketopropionic  acid  (m.  p.  56-57")  and  0.22  gm. 
2,4-dimethyl-3-carbcthoxypyrrole  (m.  p.  75-76*)  in  10  ml  of  anhydrous  chloroform,  add  0.76  gm.  phosphorus 
pentoxide  in  small  portions,  and  stir  for  four  hours  at  room  temperature.  The  reaction  mixture  takes  on  a  red- 
violet  color.  Neutralize  with  a  17#  ammonia  solution.  The  color  of  the  solution  cliangc^  to  cinnamon  red.  Wash 
the  chloroform  solution  with  water.  Distill  off  the  solvent  in  vacuum.  Treat  the  residuf*  five  times  with  10  ml 
each  of  petroleum  ether.  Distill  off  the  solvent  in  vacuum.  Treat  the  residual  oil  with  absolute  ether.  This 
gives  a  yellow  precipitate.  Filter  it  off,  recrystallizc  from  alcohol,  and  dry  in  a  vacuum  dessicator.  Yield  0.26 
gm.  (44.67#).  M.  p.  181-182*. 

Found  7.:  C  64.25;  H  7.03;  N  6.51.  CjallsoOgNj.  Calculated  7#;  C  64.2;  H  6.98-  N  6.53. 
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Dissolve  50  gm.  of  ihc  pyrromcdicnc  with  m.  p.  181  -182*  in  two  ml  of  anhydrous  chloroform  and  pass 
through  a  stream  of  dry  HC1.  The  solution  becomes  violet-red.  Evaporate  the  chloroform.  This  gives  a  red  a- 
moiphous  powder.  M.  p.  TO- 87*.  On  standing  in  air, or  on  treatment  with  solvents,  the  red  color  disappears. 

A  new  yellow  substance  is  formed.  M.  p.  181-182*. 

4,5,4’  ,  5’  -Tctramethyl-3,3’-dicarbcthoxymesocarbetliox'ymcthylpyrromcthenc  (VII).  Dissolve  0.38  gm.  of 
the  ethyl  ester  of  fl-(2,3-dimethyi-4-carbcthoxypyrryl-5)-d-ketopropionic  acid  (m.  p.  60-57’)  and  0.22  gm.  2,3- 
dimcthyl-4-carbcthoxypyrtolc  in  10  ml  of  anhydrous  chloroform,  add  0.76  gm. phosphorus  pentoxide  in  small  por¬ 
tions,  and  stir  for  four  hours  at  room  temperature.  The  reaction  mixture  takes  on  a  red-violet  color.  Neutra  'ze 
with  a  17#  ammonia  solution.  The  color  changes  to  orange.  Wash  the  chloroform  solution  with  water.  Distil’  off 
the  solvent  in  vacuum.  Rub  the  residual  oil  into  a  powder  with  petroleum  ether,  recrystallize  from  petroleum 
ether  and  dry  in  a  vacuum  dcssicator.  Yield  0.29  gm.  (507#).  M.  p.  159-160*. 

Found  7#:  C  64.34;  H  6.71;  N  6.68.  CjaHjoGgNj.  Calculated  7#:  C  64.2;  H  6.98;  N  6.53. 

SUMMARY 

1,  A  method  has  been  worked  out  for  synthesizing  mesosubstituted  pyrromethenes,  which  makes  it  possible 
to  prepare  unsymmr.uic  dipjTrylmethcnes. 

2.  It  is  shown  that  depending  upon  the  pH  of  the  medium,  the  methenes  can  exist  in  either  the  pyrromethene 
or  the  ethylene  form.  The  relative  stability  of  the  two  forms  depends  upon  the  character  and  position  of  the  sub¬ 
stituents  in  the  pyrrole  rings. 
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EXPERIMENTAL  SYNTIIESEvS  IN  THE  FIELD  OF  THE  COCAINES 


/  VII.  PREPARy\TION  OF  THE  RACEMIC  STEREOISOMERIC  ALKALOIDS  COCAINE, 
PSEUDOCOCAINE,  ALLOCOCAINE,  and  ALLOPSEUDOCOCAINE 

M.  S.  Bainova,  G.  I.  Bazilevskaya, 

and  N.  A.  Preobrazhenskll 

Moscow  Institute  of  Fine  Chemical  Technology 
Translated  from  Zhur.  Obshch.  Khim.,VoI.  30,  No.  10, 
pp.  3258-3261,  October,  1960 
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Natural  (-)-cocaine  belongs  to  the  tropine  group  of  alkaloids,  and  has  the  composition  2-0 -carbometltoxy 
tropine  (I).  i 

The  presence  of  asymmetric  carbon  atoms  in  the  molecule,  as  well  as  the  nonplanar  strticture  of  the  pi¬ 
peridine  ring,  makes  possible  the  existence  of  four  racemic  stcreoisomcric  forms:  cocaine,  pseudococaine,  al- 
lococaine,  and  allopscudococainc,  and  eight  optically  active  forms  (I-IV  and  the  corresponding  enantiomers) 
[1-31. 


R.  Willst'dtter  and  E.  Bode  [4]  succeeded  in  synthesizing  racemic  pscudococainc  (II).  A  drawback  of  their 
method,  the  starting  point  of  which  was  cyclohcptaue,  was  the  large  number  of  steps  required,  and  the  low  yields 
obtained.  Further,  in  this  work,  R.  Willstd  tter  was  unable  to  prepare  either  natural  cocaine  or  its  corresponding 
racemate. 


R.  Robinson  [5]  condensed  succindialdehyde  with  methylamine  and  acetonedicarboxylic  acid  to  obtain 
tropinone,  and  from  it  tropine. 

A  variation  of  this  reaction  was  carried  out  by  R.  Willstdtter  and  co-workers  [6]  in  the  condensation  of 
succindialdehyde  with  methylamine  and  the  dipotassium  salt  of  acetonedicarboxylic  acid,  which  gave  the  methyl 
ester  of  tropinone -3-carboxylic -2  acid.  Resolution  of  the  tropinone  carboxylic  ester  with  subsequent  benzoylation 
gave  racemic  pscudococainc  and  racemic  cocaine  (I).  The  levorotatory  form  of  the  latter  was  found  to  be  l- 
dcntical  with  natural  Icvo-cocaine. 

K.  Zeile  and  W.  Schulz  [7]  have  reported  the  synthesis  of  the  third  racemic  cocaine  HII)  (semihydrate  m.  p 
156-158").  In  this  work,  as  well  as  in  the  paper  of  R.  Willsta  tter  and  co-workers  [6],  to  vhieh  the  authors  refer, 
no  method  is  given  for  obtaining  the  third  eegonine,  which  docs  not  facilitate  reproducing  the  synthesis. 

Over  the  course  of  several  months  in  the  same  year,  1956,  S.  Findlay  prepared  the  third  and  fourth  racemic 
cocaines.  Findlay's  work  was  published  in  the  form  of  a  letter  to  the  editor.  No  details  of  the  synthesis  arc  given 
and  the  constants  given  for  the  third  raecmie  ester  of  eegonine  (m.  p.  81.5-83.5"),  and  the  third  racemic  co¬ 
caine  (m.  p.  82-84")  arc  for  the  unhydrated  bases,  and  thus  do  not  agree  with  the  consta''ts  of  the  corresponding 
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compounds  prepared  by  Zcilc  and  Schulz.  In  a  recently  published  paper  dealing  with  the  methyl  ester  of  tropl- 
nonc-3-carboxyllc-2  acid,  S.  i'indlay  [8]  describes  the  methyl  ester  of  the  third  racemic  eegonine  as  a  liquid. 

It  should  be  noted  that  the  conditions  under  which  the  experiments  were  carried  out  arc  given  by  the  authors 
In  the  most  general  terms,  and  no  answer  is  given  to  the  question  o.'  resolution  of  the  methyl  ester  of  troplnonc- 
3-carboxyIic-2  acid  or  the  preparation  of  the  isomeric  cocaines. 

In  the  present  paper  we  describe  the  bcnzoylation  of  our  previously  [9]  synthesized  methyl  esters  of  racemic 
stcreoisomcric  tropinol-3-carboxylic-2  acids  and  the  preparation  of  the  bases  of  the  corresponding  isomeric  co¬ 
caines  and  their  hydrochlorides  and  picrates. 

EXPERIMENTAL 

(*)-  Cocaine.  Base.  Heat  a  solution  of  4  gm.  of  the  methyl  ester  of  eegonine  in  36  ml  anhydrous  ben¬ 
zene, TiTrringTori^liourrat  96  -  100*  with  7  ml  benzoyl  chloride  in  the  presence  of  1.6  gm.  soda.  When  the 
reaction  is  complete,  distill  off  the  benzene  in  vacuum  at  30*  (20  mm).  Cool  the  residue  to  0*,  add  40  ml  of 
lee  water,  acidify  with  hydrochloric  acid  (Congo),  extract  the  benzoic  acid  and  the  rest  of  the  benzoyl  chloride 
with  ether  (three  times  20  ml  each).  Neutralize  the  aqueous  solution  at  0*2*  with  a  20Jt  aqueous  solution  of 
ammonia (phenolphthalcin).  An  oil  separates  out,  which  crystallizes  rapidly.  Separate  the  cocaine  base,  wash 
with  ice  water  and  dry.  Yield  3.7  gm.  (60.1‘^e).  M.  p.  79.5-80.5*  (from  absolute  ether). 

Found  Vo:  C  67.28.  67.19;  H  6.83,  6.92;  N  4.72.  C17H21O4N.  Calculated  Vo:  C  67.31;  H  6.98;  N  4.62. 

Hydrochloride.  M.  p.  185-186*,  def.  183.* 

Found  Vo:  C  60.39;  H  6.50;  N  4.35.  Ci7H2i04N*HCl.  Calculated  V#:  C  60.09;  H  6.52;  N  4.12. 

Picrate.  M.  p.  210-212*.  def.  205.* 

Found  Vo:  C  51.86;  114.49;  N  10.47.  C23H24OUN4.  Calculated  Vo:  C  51.89;  H4.54;  N  10.52. 

(±)  -Pscudococaines.  Base.  Heat  2.2  gm.  of  the  methyl  ester  ofpseudocegonine  for  10  hours  with  4.4  gm. 
benzoyl  chloride  at  96-100*.  Wash  the  resulting  crystalline  mass  of  pseudococaine  hydrochloride  from  the  re¬ 
sidual  benzoyl  chloride  with  ether,  dissolve  in  20  times  its  volume  of  ice  water,  filter  and  neutralize  with  am¬ 
monia.  A  quickly  crystallizing  oil  is  formed.  Separate  the  pseudococaiue  base  and  wash  with  ice  water.  Yield 
2.1  gm.  (62.7Vo).  M.  p.  80-81.5*  (from  petroleum  ether). 

Found  V*:  C  67.32;  H  6.93;  N  4.58.  C17H21O4N.  Calculated  V*:  C  67.31;  H  6.98;  N  4.62. 

A  sample  of  a  mixture  of  pseudococaine  (m.  p.  80-81.5*)  with  cocaine  (m.  p.  79.5-80.5*)  has  m.  p.  65-71*. 

Hydrochloride.  M.  p.  212-213*,  def.  210*  (from  anhydrous  methyl  alcohol). 

Found  Vo:  C  60.20;  H  6.66;  N  4.27.  Ci7H2i04N*HCl.  Calculated  %:  C  60.09;  H  6.52;  N  4.12. 

A  sample  of  a  mixture  of  pseudococaine  hydrochloride  (m.  p.  212-213*,  def.  210*)  with  cocaine 
hydrochloride  (m.  p.  185 -186*,  def.  183*),  has  m.  p.  180- 181*,  def.  177*. 

Picrate.  M.  p.  194  - 196*,  def.  190*  (from  anhydrous  methyl  alcohol). 

Found  Vo:  C  51.73;  H  4.73;  N  10.25.  C23H24OUN4.  Calculated  Vo:  C  51.89;  H  4.54;  N  10.52. 

A  sample  of  a  mixture  of  pseudococaine  picrate  (m.  p.  194-196*,  def.  190*)  with  cocaine  picrate 
(m.  p.  210-212*,  def.  205*)  has  m.  p.  176-188*,  def.  174*. 

(i:)-Allococaine.  Base.  Heat  0.4  gm.  of  the  methyl  ester  of  alloecgonine  (prepared  from  one  gram  of  the 
picrate  of  tlic  methyl  ester  of  alloecgonine  with  m.  p.  126-131*,  def.  125*)  with  0.7  ml  benzoyl  chloride 
in  benzene  (3.6  ml)  at  96-100*  for  10  hours.  The  separation  is  carried  out  the  same  as  in  the  preparation  of  co¬ 
caine.  The  allococaine  base  separates  in  form  of  a  dense  yellowish  oil.  Dry  in  vacuum  dessicator.  Yield  0.26 
gm.  (42.7V»). 

Hydrochloride.  Hygroscopic  crystals. 

Found  V«:  C  60.26;  H  6.88;  N4.10.  Ci7H2i04N-IICl.  Calculated  Vt:  C  60.09;  116.52;  N  4.12. 
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Picrate.  M.  p.  130.5-132".  dcf.  128". 

Pound  C  51.63;  H  4.64;  N  10.87.  C23H2.,OuN4.  Calculated  C  51.89;  II  4.54;  N  10.52. 

A  sample  of  a  mixture  of  allococaine  picrate  (m.  p.  130.5-132",  dcf.  128")  with  the  picrate  of  the  methyl 
ester  of  allococaine  (m.  p.  126-131",  def.  125")  has  m.  p.  113-llS",  dcf.  110",  with  cocaine  picrate  (m,  p,  210- 
212",  dcf.  205")  it  has  m.  p.  125-182",  def.  122",  with  pscudococainc  picrate  (m.  p.  194-196",  dcf.  190")  it  has 
m.  p.  124-140".  def.  122". 

(j:)-AlIopscudococaine.  Base.  Heat  0.7  gm.  of  the  methyl  ester  of  allopseudoecgonine  (prepared  from  1.5 
gm.  of  the  picrate  of  tlic  methyl  ester  of  allopseudoecgonine  with  m.  p.  196-198",  def.  195")  with  1.2  ml 
benzoyl  chloride  in  benzene  (6.3  ml)  at  96-100"  for  10  hours.  The  separation  is  carried  out  the  same  as  in  the 
preparation  of  cocaine.  The  allopseiidococaine  base  separates  in  the  form  of  a  rapidly  crystallizing  oil.  Yield 
0.1  gm.  (deducting  the  recovered  methyl  ester  of  allopseudoecgonine  26.3*7#).  M.p.  83-84",  def.  81.5" 

(from  absolute  ether). 

Pound  ^,0'.  C  67.00;  H  7.26;  N  4.85.  Calculated  C  67.26;  H  6.98;  N  4.62. 

A  sample  of  a  mixture  of  allopseudococaine  (m.  p.  83-84",  dcf.  81.5")  with  cocaine  (m.  p.  79.5-80.5") 
has  m.  p.  60-67",  def.  57",  with  pseudococaine  (m.  p.  80-  81.5")  it  has  m.  p.  59-63",  •  def.  55". 

Hydrochloride.  M.  p.  177- 178",  def.  176". 

Foundry#:  C  59.74;  H  6.38;  N’ 4.31.  Ci7H2i04N*HCI.  Calculated  C  60.09;  H  6.52;  N  4.12. 

A  sample  of  a  mixture  of  allopseudococaine  hydrochloride  (m.  p.  177-178",  def.  176")  with  cocaine 
hydrochloride  (m.  p.  185-186",  def.  183")  has  m.  p.  174-175",  def.  172",  with  pseudococaine  hydro¬ 
chloride  (m.  p.  212-213",  def.  210")  it  has  m.  p.  174-175",  def.  172.5". 

Picrate.  M.p.  172-174",  def.  170". 

Pound  <7#:  C  51.84;  H  4.22;  N  10.84.  C23H2.AiN4.  Calculated  T'o:  C  51.89;  H  4.54;  N  10.52. 

A  sample  of  a  mixture  of  allopseudococaine  picrate  (m.  p.  172-174",  def.  170")  with  cocaine  picrate 
(m.  p.  210- 212",  def.  205")  has  m.  p.  167-171",  def.  160",  with  pseudococaine  picrate  (m.  p.  194-196", 
dcf.  190")  it  has  IT),  p.  169-171",  def.  162",  with  allococaine  picrate  (m.  p.  130.5- 132",  def.  128") 
has  m,  p.  119-146",  def.  116". 

Methyl  ester  of  allopseudotropinol -3 -carboxylic -2  acid.  After  separating  tlie  allopseudococaine,  saturate 
the  ammoniacal  solution  with  potash  and  extract  the  methyl  ester  of  allopseudococaine  with  chloroform.  Re¬ 
moval  of  the  solvent  gives  a  bright  yellow,  slowly  crystallizing  oil.  Yield  0.45  gm.  M.  p,  81-83",  def.  79" 
(from  petroleum  ether). 

Pound  Tl);  C  60.02;  H  8.20;  N  6.94.  C10H17O3N.  Calculated  ^7#:  C  60.28;  H  8.59;  N  7.02. 

A  sample  of  a  mixture  of  the  methyl  ester  of  allopseudococaine  (m.  p.  81-83",  def.  79")  with  the 
methyl  ester  of  pscudococaine  (m.  p.  128-130")  has  m.  p.  70-102",  def.  68",  with  allopseudococaine  (m.  p. 
83-84",  dcf.  81.5")  it  has  m.  p.  57-64",  def.  55". 

Picrate.  M.  p.  195- 198",  def.  194". 

Pound  %:  N  12.9.  CigH2oOj3N4.  Calculated ‘y*:  N  13.08 

A  sample  of  a  mixture  of  the  picrate  of  the  methyl  ester  of  allopseudoecgonine  (m.  p.  195-198",  def. 
194"),  prepared  from  the  mcttTyi  ester  of  allopseudoecgonine  separated  from  the  mother  solution  after  benzoy- 
latiou,  with  the  picrate  of  the  original  methyl  ester  of  allopseudoecgonine  (m.  p,  196-198",  def.  195")  has 
m.  p.  195-198". 

SUMMARY 

1.  A  method  has  been  worked  out  for  b^nzoylation  of  the  methyl  esters  of  the  racemic  stereoisomeric 
tropinol-3-carboxylic-2  acids  to  give  the  corresponding  isomeric  compounds;  cocaine,  pscudococaine,  allo¬ 
cocaine,  and  allopseudococaine. 

2.  The  bases  of  the  racemic  isomeric  cocaines  and  their  hydrochlorides  and  picrates  were  prepared. 

3.  The  base  and  the  picrate  of  the  methyl  ester  of  allopseudoecgonine  were  prepared. 
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The  reaction  of  salicylaldehyde  and  its  methyl  and  ethyl  esters  with  alkyl  and  arylmagnesium  bromide 
proceeds  normally.  This  is  also  true  for  methyl  and  p-anisolc  magnesium  iodide.  The  corresponding  oxy-  and 
alkyloxyphenyl  substituted  secondary  alcohols  are  obtained  in  good  yield  [1-12].  However,  with  ethyl  and  propyl- 
magnesium  iodide  the  products  of  the  reaction  turn  cut  to  be  derivatives  of  ethylene  [13-15].  These  are  doubtless 
formed  as  a  result  of  dehydration  of  the  alcohols  initially  formed  by  the  action  of  the  Grignard  reagent  [16],  or 
arc  formed  by  reaction  with  magnesium  iodide. 

In  the  present  paper  we  prepared  alcoholic  esters  from  an  allyl  ester  of  salicylaldehyde  and  methylraag- 
nesium  iodide,  ethyl,  propyl,  isopropyl,  n-butyl,  and  isoamylmagnesium  bromide,  as  well  as  octyl-2-magncslum 
bromide.  In  all  cases  the  corresponding  alkyl-(o-allyloxyphcnyl)- carbinols  were  obtained, 

CilOII-n 

(1)  It  =  CII,.  (ID  U  =  C,H,.  (ITI)  R  ^  C,Il„  (IV)  u  =  iso-C,H„ 

1^^ _ Q _ QIIjj _ Cn=Cll2  R  =  C,H„  (VI)  Ic  =  iso-C»llii,  (VII)  K:=c,il,-. 


EXPERIMENTAL 

The  allyl  ester  of  salicylic  aldehyde  was  prepared  by  Claisen's  [17]  well  known  method, 

B.  p.  114.5-115.5"  (1  mm),  136-138"(12  mm),  ng  1.5527,  df  1.0938,  MRj^  47.38;  Calc.  45.97. 

With  dimedonc  it  forms  a  bright  yellow  crystalline  addition  product  with  m.  p.  186*  (from  50^o  alcohol). 

Preparation  of  alkyl -(o-allyloxyphcnyl)-carbinols.  The  organic  magnesium  compounds  were  prepared  by 
the  usual  method,  adding  the  corresponding  al^kyl  halide  to  magnesium  in  absolute  ether  in  molar  proportions. 
The  next  day,  0.5  mol  of  allyl  ester  of  salicylic  aldehyde  in  ether  solution  was  added  to  the  organic  magnesium 
compound  cooled  to  0",  and_^llowcd  to  stand  at  room  temperature,  after  which  the  reaction  mixture  was  cooled 
to  -5-0*  and  decomposed  with  an  aqueous  solution  of  ammonium  chloride.  The  ether  extracts  of  the  reaction 
products  were  dried  with  magnesium  sulfate,  or  better -by  the  addition  of  a  small  quantity  of  potash.  Then  the 
solvent  was  distilled  off,  and  the  alcoholic  ester  was  distilled  over  in  vacuum. 

It  sliould  be  noted  that  if  the  quantity  of  allyl  ester  of  salicylic  aldehyde  is  increased,  it  docs  not  enter 
completely  into  the  reaction,  and  only  contaminates  the  alkyl-(o-allyloxyplicnyl)- carbinols.  The  latter  are 
bright  yellow  liquids,  insoluble  in  water,  readily  soluble  in  ether,  benzene,  and  other  organic  solvents. 

The  physical  constants  and  the  analytical  data  for  the  alcoholic  esters  prepared  are  given  in  the  table. 
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Properties  of  Alkyl-(o-allyloxyphenyl)-carbLnols 


SUMMARY 

1,  The  reaction  of  an  allyl  ester  of  salicylic  alde¬ 
hyde  with  several  alkylmagncsiuin  halides  has  been  carried 
out. 

^  / 

2,  Seven  alkyl-(o-allyloxyphenyl)-carbinols  were 
prepared,  which,  arc  not  described  in  the  literature. 
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We  recently  found  [1]  that  in  the  reaction  of  vinylaceiylcnc  with  diphenylacetylcarbinol  in  liquid  am¬ 
monia  in  ilte  presence  of  sodamide,  the  product  was  not  the  expected  glycol  of  the  vinylacctylenc  scries,  name¬ 
ly  asym -mcthyldiphciiyl(vinylethyny])cthancdiol (2-methyI-l,l-diphcnylhexa-5-en-3-yne-l,2-diol),  but  a  dienic 
alcohol  with  an  acetylenic  terminal  group,  namely  l,l-diplicnyl-2-methyIenehexa-3-en-5-yne-l-oI, 

The  formation  of  this  alcohol  was  attributed  to  a  double  prototropic  regrouping  of  the  normal  synthesis 
product  -asym-mcthyldiphenyl-(vinylethynyl)cthanedioI -via  an  intermediate  triene,  followed  by  dehydration  of 
the  resulting  isomeric  diol  containing  an  unsubstituted  acetylenic  terminal  group. 

It  was  also  found  that  asym-meihyldiphcnyl(vinylethynyl)ethanediol  split  up  under  the  influence  of  sodamide 
to  form  benzophenone  and,  evidently,  hexa-l,3-dicn-5-yne  resulting  from  dehydration  of  hexa-3-en-5-yne-2-oI, 

Synthesis  of  asym-dimethylphenyl-  and  asym-jDethyldiphenyl-(vinylcthynyl)ethanedioIs  by  the  lotsich 
method  proceeded  normally  [1,  2]. 

In  view  of  the  above  it  was  of  interest  to  find  out  whether  the  formation  of  asym-dimethyIphcnyI(vioyI- 
ethynyl)cthanedioI  proceeded  normally  under  the  conditions  of  ammoniacal  synthesis  [3],  or  whether  there  were 
deviations  from  the  normal  course  of  reaction  in  the  case  of  this  diol. 

The  result  obtained  w'as  quite  unexpected,  for  the  product  from  the  interaction  of  dimethylbenzoylcarbinol 
with  vinylacctylenc  in  the  presence  of  sodamide  was  dimcthylvinyleihynylcarbinol  (IV).  This  product  was  ob¬ 
tained  in  good  yield  and  was  identified  by  analysis,  physical  constants,  infrared  spectrum,  splitting  with  potash 
[4],  oxidation  to  acetone,  formic  acid,  and  oxalic  acid,  and  reduction  to  dimethylbutylcarbinol.  The  isomeric 
alcohol  with  an  unsubstituted  acetylenic  end  group-(CH3)2COH-CH=  CH-C  =  CH  [5]-was  not  detected. 

In  addition  to  the  dimethylvinylcthynylcarbinol  there  was  an  appreciable  amount  of  oily  residue,  which 
quickly  set  to  a  glassy  mass,  but  only  in  one  experiment  was  it  possible  to  isolate  a  small  amount  ofa  liquidboiling 
at  a  considerably  higher  temperature  than  the  carbinol.  There  was  too  little  of  this  liquid  for  a  thorough  investi¬ 
gation.  The  analytical  data  corresponded  to  the  formula  ChHjqO,  indicating  that  the  liquid  might  be  a  secondary 
product  of  ketonic  splitting  of  the  diol,  nai  cly  l-phcnylpcnta-4-cn-2-ync-l-ol  (II)  or  its  isomerization  product 
l-phcnyIpcnia-2-eu-4-ync-l-ol  (III).  However,  the  infrared  spectrum  did  not  show  the  presence  of  an  uosub- 
stituted  acetylenic  end  group,  so  that  the  structure  of  this  liquid  remained  undetermined. 

The  interaction  of  dimethylbenzoylcarbinol  with  vinylacctylenc  in  the  presence  of  sodamide  can  be  re¬ 
presented  as  follows; 
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Asym-dimcihylpheayI(vinyIcthynyl)cihnncdIol  (I),  obtained  from  dimcthylbcnzoylcarbinol  and  vinyl- 
acetylcnc,  breaks  down  by  kctonic  splitting  into  acetone  and  the  alcohol  (II),  which  can'isomcrize  to  the  alcohol 
(in).  Under  the  synthesis  conditions,  acetone  condenses  with  excess  vinylacetylene  to  give  dimethylvinyl- 
ethynylcarbiuol  (IV),  while  the  alcohols  (II  or  III)  arc  converted  into  polymers. 

There  is  a  statement  in  the  literature  that  the  alcohol  (II)  rapidly  turns  yellow  and  that  a  considerable  a- 
mount  of  red  glassy  resin  is  formed  on  vacuum  distillation  [6], 

It  might  be  supposed  that  the  acetone  is  not  formed  by  ketonic  splitting  of  the  vinylethynyl  diol  (I)  but  by 
decomposition  of  dimcthylbcnzoylcarbinol  under  the  influence  of  sodamidc  to  give  acetone  and  benzaldchyde; 
the  latter  could  then  react  with  vinylacetylene  to  give  the  corresponding  alcohol.  A  special  experiment  on  the 
action  of  sodamide  in  liquid  ammonia  on  dimcthylbcnzoylcarbinol  gave  negative  results;  the  carbinol  was  re¬ 
covered  unchanged. 

EXPERIMENTAL 

1,  Interaction  of  Dimcthylbenzoylcarbinol  with  Vinylacetylene  In  the  Pre- 
sence  of  Sodamide 

A  little  Fc(N03)3  was  added  to  800  ml  of  liquid  ammonia,  9  g  of  metallic  sodium  was  added  in  small  pieces 
during  30  min,  and  50  ml  of  vinylacetylene  (approximately  5.5  times  the  theoretical  quantity  for  the  amount  of 
dimcthylbcnzoylcarbinol  to  be  used)  was  passed  in.  The  reaction  mixture  was  then  stirred  for  30  min.  Then  20  g 
of  the  kctoalcohol  (b.  p.  117“  at  5  mm)  in  solution  in  anhydrous  ether  was  added  drop  by  drop.  The  next  day  the 
rcactiou  mixture  was  decomposed  with  cold  water  and  very  dilute  sulfuric  acid,  the  ether  layer  was  separated, 
and  the  aqueous  layer  was  extracted  with  ether;  the  ether  layer  and  extract  were  combined,  washed  with  soda 
and  then  with  v;atcr,  and  dried  over  sodium  sulfate.  The  ether  was  distilled  off  to  leave  a  thick  dark  liquid; 
vacuum  distillation  of  this  gave  two  fractions -the  first  of  5.7  g  boiling  at  55"  (2  mm)  and  the  second  of  2.17  g 
boiling  at  110-120*  (2  mm).  There  was  about  407*  of  tarry  residue. 

In  a  repeat  experiment,  using  40  g  of  dimcthylbcnzoylcarbinol,  17  g  of  sodium  and  a  fourfold  excess  of 
vinylacetylene,  there  was  only  one  product  corresponding  to  the  first  fraction  with  a  b.  p.  of  37*  (1  mm).  This 
was  a  colorless  mobile  liquid  which  polymerized  on  standing  to  a  glassy  material  insoluble  in  benzene. 

2.  Investigation  of  the  First  Fraction  with  a  b.  p.  of  55*  (2  mm) 

This  material  had  the  following  properties  after  repeated  distillation:  b.  p.  37*  (1  mm),  d^o  0.8895,  n^ 
1.4758. 

Found  7,:  C  7G.44,  7G.58;  H  9.30,  9.40;  Hact.  I*act.  1*22,  1.08.  Mol.  wt.  11G.9.  Calc,  for 

C7H10O.  Calculated  7o:  C  7G.3G;  H  9.09;  Hact.  0.91.  No.  of  liact.  1.  Mol.  wt.  110. 

The  infrared  spectrum  showed  the  following  absorption  frequencies:  ~  3400  (-OH),  919,  942,  991  (-CH= 
sCHj),  2205  cm*^  (-CHC-)^ 


•The  infrared  spectrum  was  recorded  with  an  IKS-15  spectrophotometer,  using  LiF  and  NaCl  prisms,  over  the  range 
700-3400  cm**  ,  with  a  slit  width  from  20-220  /r.  Our  thanks  arc  due  to  T.  V.  Yakovleva  for  recording  and  inter¬ 
preting  the  spectra. 


3234 


The  mnicri.ll  gave  n  very  sll}’,ht  turbidity  with  nrnmoihacnl  silver  oxide,  potassium  permanganate  was  de¬ 
colorized  immediately,  there  was  an  evolution  of  gas  with  Grignard  reagent,  and  2,4*dinitroplicnyIhydrazinc  gave 
a  negative  reaction, 

I'rotn  the  analytic  data,  the  values  of  the  constants,  and  the  products  obtained,  the  material  was  dimcthyl- 
vinylcthynylcarbinol. 

1  he  literature  data  for  dimctliylvinylcthynylcarbinol  is:  b.  p.  58-59*  (13  mm);  0.8925;  njj  1,4786  [7]; 
b,  p.  53-54*  (10  mm),  nj]  1,4770  [8], 

Oxidation  of  dimcthylvinylctiiynylcarbinol.  A  5.5  g  sample  (b.  p,  37*  at  1  mm)  was  oxidized  with  19.8  g 
of  potassium  permanganate  (10  g  as  27«  sofution  and  0.8  g  in  dry  form).  Dccolorization  was  rapid;  oxidation  was 
not  carried  to  completion,  althotigli  further  qitantitics  of  potassium  permanganate  added  were  still  decolorized. 
Manganese  dioxide  was  removed  by  distilling  the  strongly  alkaline  solution  directly  into  a  solution  of  2,4-dl- 
nitrophcnylhydrazinc;  tlic  resulting  hydrazone  melted  at  123-124*,  and  gave  no  m.  p.  depression  when  mixed 
with  tlie  2,4-dinitroplictiylhydrazonc  of  acetone, 

round  7,:  C  45.57;  H  4.52;  N  23.39,  23.48.  Calc,  for  C9n,o04N4;  Calculated  7*:  C  45.38;  H  4.23;  N  23.48. 

I'ormic  acid  was  detected  qualitatively  in  the  acid  volatile  in  steam,  and  oxalic  acid  (m.p.  100 -101*  for 
mixed  sample)  was  found  in  the  nonvolatile  acid. 

Hydrogenation  of  dimcthylvinylethynylcarbinol.  A  4.5647  g  sample  was  hydrogenated  in  methanol  solution 
in  the  presence  of  0.7  g  of  Pd/CaC03.  Over  a  period  of  4  hr  29  min  3041  ml  of  hydrogen  was  absorbed  (this 
compares  with  a  theoretical  2916  ml  at  19"  and  771  mm,  assttming  3  mole  hydrogen  per  mole  carbinol).  The 
methanol  was  then  distilled  off  up  a  column,  and  the  hydrogenation  product  was  redistilled  in  vacuo, 

B.  p.  63"  (22  mm);  d^J  0.8184;  nJJ  1.4174. 

found  7,:  C  72.20,  72.36;  H  13.92,  13.94;  Hact.  0.95.  No.  of  Hact.l-OO.  M  113.6.  C7II1CO. 

Calculated  7>:  C  72.35;  11  13.88;  Hact  0.87.  No.  of  11^^,^  1.  Mol.  wt.  116. 

The  product  was  therefore  dimethylbutylcarbinol. 

Literature  data  [9,  10]  for  the  carbinol  is:  b.  p.  139-140*  (740  mm),  n^  1,4175;  b.  p.  58 -60*  (20  mm), 
d|2  0.815,  ug  1.4187. 

3.  Investigation  of  the  Second  Fraction  withab.  p.  of  110-120*  (2  mm) 

The  material  boiled  at  120-124"  (2  mm)  after  a  second  distillation  (compare  [6]), 

Found  7,:  C  83.12,  82.90;  H  7.09,  7.75;  Hact.  1*25.  No.  of  Hgct.l.OO.  Mol.  wt.  139.8.  Calc,  for  CuHioO. 
Calculated  7*:  C  83.54;  H  6.33;  Hact.  0.63.  Mol.  wt.  158.  The  No.  of  Hact,  is  1  for  a  unifunctional  alcohol 
with  a  vinyl  terminal  group  (II)  (compare  [6]),  giving  7«  Hact.=  1.26.  The  No.  of  Hact,  is  2  for  a  unifunctional 
alcohol  with  an  acetylenic  terminal  group  (III). 

The  material  rapidly  became  yellow  and  thick  on  standing.  It  partially  decomposed  on  redistillation  in 
vacuo,  forming  a  considerable  amount  of  dark  residue  which  congealed  rapidly. 

The  infrared  spectrum  was  recorded  with  an  IKS-14  spectrophotometer,  using  LiF  and  NaCI  prisms,  over 
the  range  700-3400  cm‘^,  with  a  slit  width  of  36p.  Absorption  bands  were  observed  at  the  following  frequencies 
3400,  2191,  1600,  993,  971,  919,  and  703  cm’^ 

From  these  results  it  was  not  possible  to  say  whether  the  product  of  b,  p.  120-124*  (2  mm)  was  the  alcohol 
II  or  III. 

Thus  it  was  found  that  the  reaction  between  dimethylbenzoylcarbinol  and  vinylacetylene  gave  dimethyl- 
vinylcthynylcarbinol;  the  yield,  based  on  the  original  dimethylbenzoylcarbinol,  was  42.87®  (experiment  1)  and 
787«  (experiment  2).  The  unifunctional  alcohol  II  or  III  was  also  formed  in  11.3*’/#  yield  (experiment  1). 

.  SUMMARY 

It  has  been  shown  that  in  the  reaction  between  dimethylbenzoylcarbinol  and  vinylacetylene  in  liquid  am¬ 
monia  in  the  presence  of  sodamidc,  there  is  kctonic  splitting  of  the  primary  product,  namely  asym-dimeihyl- 
phenyl(vinylcthynyl)cthancdiol  (2 -methyl -3-phcnylhepta-6-CQ-4-yne-2,3-dlol), 
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The  acetone  formed  under  these  conditions  rcacu  with  vlnylacctylenc  to  give  a  high  yield  of  dlmcthyl- 
vlnylethynylcarbinol. 

Another  part  of  the  originally  formed  diol  gives  one  of  the  Isomeric  unlfunctlonal  alcohols;  l-phenylpcnta- 
4-cn-2-yuc-l-ol  or  l-phcnylpcnta-2-cn-4-ync-l-ol.  The  structui<-  of  the  product  has  not  been  determined, 
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In  a  previous  paper  [1]  2,5-dimethyI-4-ethynylpiperidine-4-ol  (II)  was  described  as  a  liquid  which  crystal¬ 
lized  slowly.  In  the  present  paper  wc  describe  the  separation  of  the  mixture  of  stereoisomers  of  this  piperidineol 
into  three  separate  stereoisomers:  y -isomer  of  m,  p.  93-94*  (yield  42.5'7»  of  total  mixture),  fl -isomer  of  m.  p, 

131  -132*  (14.2"/»  yield),  and  a  liquid  isomer  of  b.  p.  96~98*  (2  mm)  (2.41<7*  yield).  By  selective  hydrogenation 
over  a  palladium  catalyst  of  the  individual  forms  of  the  piperidineol  (II)  we  obtained  the  three  stereoisomers  of 
2,5-dimcthyI-4-vinylpiperidine-4-oI  (III):  y  -isomer  of  m.  p.  125-126*  [1],  fl-isomer  of  ni.  p.  82-83*,  and  a 
liquid  isomer  of  b.  p.  93-95*  (2  mm). 

Exhaustive  hydrogenation  over  a  nickel  catalyst  of  the  individual  stereoisomers  of  2,5-dimethyI-4-ethynyI- 
piperidine-4-ol  (II)  and  of  2,5-dimethyI-4-vinylpiperidine-4-ol  (III)  gave  the  three  stereoisomers  of  2,5-dimethyl- 
4-ethyIpiperidine-4-oI  (IV):  y -isomer  of  m.  p.  135-136*  [1],  fl -isomer  of  m.  p.  98-99*,  and  a  liquid  isomer 
of  b,  p.  90  -  92*  (2  mm). 

The  2,5-dimethyl-4-ethynyIpipcridine-4-oI  (II)  [1]  was  obtained  in  high  yield  by  the  condensation  of 
acetylene  with  dimethylpipcridone  (I)  [2]  by  the  method  of  Favorskii  and  Nazarov  [3-5]. 


I 

II 

(IV) 
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EXPERIMENTAL 


2.5- r)iincihylpipcricllnc*'l-onc  (I).  A  mixture  of  125  g  of  propcnyl  Isopropynyl  ketone  and  of  the  corre¬ 
sponding  /3-incthoxykctonc,  obtained  by  reacting  it  with  ntctlianol  (ti^  1.4505)  [G],  witli  800  ml  of  25'7»  ammonia 
in  water  was  heated  in  a  sealed  vessel  for  G  hr  on  a  boiling  water  bath.  The  experiment  was  repeated  and  the 
products  were  combined.  The  ammonia  was  then  distilled  off  in  the  vacuum  from  a  water  pump,  first  at  room 
temperature  and  liicn  at  GO*  on  a  water  bath.  The  solution,  whicit  had  been  reduced  to  a  volume  of  about  a  liter 
by  evaporation,  was  acidified  with  cold  concentrated  hydrochloric  acid  until  it  gave  an  acid  reaction  with  Cotigo 
Red.  The  acid  solution  as  extracted  with  ctlicr,  then  evaporated  down  to  about  0.3  liters,  cooled,  and  made 
alkaline  with  507*  causti-:  soda  solution.  The  bases  tlirown  out  of  solution  v/ere  separated  and  dissolved  in  ether, 
and  the  alkaline  aqueous  layer  was  saturated  with  salt  and  carefully  extracted  with  15  portions  of  ether.  The 
combined  ether  solution  were  dried  over  sodium  sulfate.  The  ether  was  then  distilled  off,  and  the  residue  was 
distilled  in  vacuo  to  give  121  g  of  I  [2,  7],  b,  p.  77 -80*  (5  mm),  nj^  1.4GG8. 

2.5- Dimethyl-4-ctiiynylpipcridinc-4-ol  (II).  A  tliree-neck  flask  was  fitted  with  a  stirrer,  a  reflux  con¬ 
denser,  a  dropping  funnel,  and  a  tube  for  passing  in  acetylene.  To  this  were,  added  1570  ml  of  anhydrous  ether, 

140  g  of  powdered  caustic  potash,  and  15  ml  of  anliydrous  alcohol;  the  mixture  was  stirred  vigorously  and  cooled 
to  -3*,  while  being  saturated  with  purified  acetylene  for  2  hr.  Passage  of  a  vigorous  acetylene  stream  and  stirring 
were  eontinued  while  a  solution  of  159  g  of  2,5-dimethylpipcridine-4-one  (n][^  1.4G67)  [3]  in  IGO  ml  of  anhydrous 
ether  was  added,  drop  by  drop,  over  a  period  of  2.5  hr.  The  acetylene  stream  v/as  then  continued  for  a  further 

4  hr.  All  this  time  the  temperature  was  maintained  at  0  to  -3*.  The  reaction  product  was  hydrolyzed  with  250 
ml  of  water,  keeping  it  cold.  The  ether  layer  was  separated,  and  the  alkaline  aqueous  layer  was  saturated  with 
salt  and  extracted  several  times  with  ether.  The  combined  ether  solutions  were  treated  with  saturated  salt  solution. 
The  ether  solution  was  then  dried  with  sodium  sulfate,  the  ether  was  distilled  off,  and  the  residue  was  distilled 
in  vacuo.  The  product  was  167.4  g  (87.5'7e)  of  the  mixed  stereoisomers  of  II  in  the  form  of  a  thick  liquid,  b,  p. 

114  “118*  (2  mm),  n^  1.5025  [1].  The  residue  in  the  distillation  flask  weighed  2  g. 

A  510  g  quantity  of  the  mixed  stereoisomers  was  dissolved  in  600  ml  of  anhydrous  benzene,  and  350  ml  of 
petroleum  ether  was  added  until  the  solution  became  turbid.  The  deposit,  weighing  220.8  g,  was  filtered  off,  and 
a  further  247.2  g  of  material  was  precipitated  from  the  mother  liquor  by  further  addition  of  petroleum  ether. 
Altogether  4G8  g  (91.76'79)  of  crystalline  isomers  of  II  v/as  obtained,  of  m.  p.  79-84®,  Further  fractional  crystal¬ 
lization  from  benzene  yielded  the  two  separate  crystalline  isomers  of  II, 

1)  y -Isomer,  m,  p,  93-94*,  217,3  g  (42,5^.), 

Found  N  9,08,  9,12,  Calc,  for  C9HJ5ON:  Calculated  N  9,15, 

The  hydrochloride  of  the  y  -Isomer  was  obtained  by  mixing  an  ethereal  solution  with  a  dry  ethereal  solution 
of  hydrochloric  acid;  it  was  recrystallizcd  from  absolute  alcohol.  The  product  from  3  g  of  II  was  3,5  g  (97 ‘^o)  of 
the  hydrochloride,  of  m,  p,  191-192*, 

Found  <7*:  N  7,20,  7,39,  Calc,  for  CgHicONCl;  Calculated  ‘/.t  N  7.38, 

2)  fi -Isomer,  m.  p.  131-132*,  72.4  g  (14.2<7.). 

Found N  9.04,  9.15.  Calc,  for  CgHjgON:  Calculated ‘y#:  N  9.15. 

The  hydrochloride  of  the  6 -isomer  melted  at  234-235*  (from  alcohol).  One  g  of  II  gave  0.9  g  of  hydro¬ 
chloride. 

Found ‘/a:  0  18.64,18.51.  Calc,  for  CgHigONO:  Calculated  Cl  18.69. 

A  mixture  of  y-  and  0 -isomers  gave  a  lower  melting  point. 

The  solvent  (benzene  and  petroleum  ether)  was  distilled  off  from  the  mother  liquor  after  deposition  of  the 
crystalline  isomers,  and  the  residue  was  distilled  in  vacuo.  The  product  was  12.3  g  (2.41f’/»)  of  the  liquid  isomer 
of  II. 

B.  p.  96-98*  (2  mm);  nj®  1.4905;  df  0.9934;  MRp  44.56,  calc.  44.68. 

Found  «/»:  N  9.08,  9.12.  Calc,  for  C9H15ON:  Calculated N  9.15. 
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The  hydrochloride  of  the  liquid  isomer  remained  liquid  and  did  not  crystallize. 

After  the  above  mentioned  quantities  of  the  individual  Isomers  of  II  had  been  isolated,  there  remained 
95.5  g  of  a  crystalline  mixture  of  m.  p.  70-100*,  and  85  g  of  a  thick  liquid  with  n^  1,5030, 

2,5-Dimcthyl-'l-viuylpipcridinc-4-ol  (III),  a)  The  flask  for  hydrogenation  of  organic  compounds  was 
fitted  with  a  mechanical  shaker.  Into  this  were  placed  0.07  g  of  Pd/CaC03  catalyst,  prepared  by  the  method 
of  Busch  and  StOve  [8],  and  20  ml  of  absolute  alcohol,  atid  the  catalyst  was  saturated  with  dry  hydrogen  for  aa 
hour.  Then  6.02  g  of  the  y  -isomer  of  II  (m.  p.  93-94®)  was  introduced  in  80  ml  of  absolute  alcohol,  the  air  was 
displaced  by  hydrogen,  and  the  material  was  liydrogcnated  under  normal  condiiions  (20®  and  694.4  mm)  for  39 
min,  until  1035  ml  of  hydrogen  had  been  absorbed;  this  was  the  volume  calculated  for  the  reduction  of  one  bond 
in  the  weight  of  II  taken.  The  catalyst  was  filtered  off  and  washed,  the  alcohol  was  distilled  off,  and  the  residue 
was  found  to  be  crystalline.  Recrystallization  from  benzene  gave  5.95  g  of  the  y  -isomer  of  III  of  m.  p,  125^ 

126® [1]. 

Found  ‘/o:  N  9.15,  8.85.  Calc,  for  CglliyON:  Calculated  <7*:  N  9.02, 

The  hydrochlori.lc  of  the  III  y -isomer  was  obtained  by  mixing  an  alcoholic  solution  with  a  dry  ethereal 
solution  of  hydrochloric  acid  and  precipitating  with  ether.  From  0.4  g  of  III  die  yield  was  0.3  g  of  hydrochloride, 
of  m.  p.  199-  200®  (from  alcohol). 

Found  t/,:  Cl  13.33,  18.36.  Calc,  for  CgHigONCl:  Calculated ‘7.:  Cl  18.50, 

b)  A  9  g  sample  of  the  II  3 -isomer  (m.  p.  131-132®),  dissolved  in  100  ml  of  absolute  alcohol,  was  sub¬ 
jected  to  selective  hydrogenation  in  the  presence  of  0.1  g  of  Pd/CaCOg  catalyst  at  17*  and  693.7  mm.  After  55 
min,  1529  ml  of  hydrogen,  the  calculated  volume  for  saturating  one  bond  in  the  sample  taken,  had  been  absorbed 
and  the  hydrogenation  was  stopped.  The  catalyst  was  filtered  off,  the  alcohol  was  distilled  off,  and  the  residue 
was  recrystallizcd  from  benzene.  The  product  was  8.83  g  of  the  3 -isomer  of  III  of  m,  p.  82-83®, 

Found  ‘7*:  N  8.95,  8.86.  Calc,  for  CgH^yON:  Calculated  N  9.02, 

The  hydrochloride  of  the  3 -isomer,  recrystallized  from  a  mixture  of  alcohol  and  ether,  melted  at  182— 

183*  (from  a  mixture  of  alcohol  and  ether).  The  yield  from  0,4  g  of  base  was  0,37  g  of  hydrochloride. 

Found  ‘7,:  N  7.32,  7.25;  Cl  18.76,  18.95.  Calc,  for  CgHjgONCI:  Calculated  oj,:  N  7.31;  Cl  18.50, 

c)  A  76.6  g  sample  of  the  unresolved  mixed  stereoisomers  of  II,  in  the  form  of  a  thick  liquid  (n^  1.5025), 
was  dissolved  in  275  ml  of  absolute  alcohol  and  reduced  in  the  presence  of  1  g  of  Pd/CaCOg  catalyst,  at  14*  and 
693  mm,  for  1.5  hr,  until  12.85  liters  of  hydrogen  had  been  absorbed,  this  being  the  calculated  quantity  for  the 
reduction  of  one  bond  in  the  sample  of  II.  The  catalyst  was  filtered  off,  the  alcohol  was  distilled  off,  and  the 
residue  was  subjected  to  fractional  crystallization  from  benzene.  The  products  were  34,76  g  (45.5^#)  of  the  y- 
isomer  of  III  of  m.  p.  125-126®,  and  6.37  g  (8.32‘7»)  of  the  S-isomer,  of  m.  p,  82-83*. 

The  residue,  after  the  removal  of  these  individual  forms  of  III,  was  20.16  g  (26,31‘7»)  of  an  unresolved 
crystalline  mixture  of  stereoisomers  of  m.  p.  55-70*. 

The  benzene  was  distilled  off  from  the  mother  liquor,  and  the  residue  was  distilled  in  vacuo  to  give  13  g 
(177*)  of  the  III  liquid  isomer. 

B.  p.  93-95®  (2  mm);  nj®  1.4930;  df  0.9833;  MR^  45.82,  calc.  46.22. 

Found  N  8.92,  9.05.  Calc,  for  CglljyON:  Calculated  T#:  N  9,02, 

2,5-DimcthyI-4-cthyIpipcridine-4-ol  (IV).  a)  A  3.06  g  sample  of  the  y -isomer  of  II  (m,  p.  93-94*), 
dissolved  in  30  ml  of  absolute  alcohol,  was  subjected  to  exhaustive  hydrogenation  at  22*  and  694  mm  over  1.25  g 
of  Raney  nickel  catalyst.  The  hydrogen  absorbed  was  887  ml  (corrected  to  N.  T,  P.).  The  catalyst  was  filtered 
off  and  washed,  the  alcohol  was  distilled  off,  and  the  residue  was  twice  rccrystallized  fron.-  benzene.  The  product 
was  2.7  g  (87  of  the  y  -isomer  of  IV,  of  m.  p,  135- 136*  [1], 

Found  7,:  N  8.S7,  8.93.  Calc,  for  CgHigON:  Calculated  N  8.91. 

The  hydrochloride  of  the  IV  y  -  isomer  had  an  m.  p,  of  211-212*  (from  a  mixture  of  alcohol  and  ether). 
The  yield  was  0.22  g  of  hydrochloridclfrom  0.2  g  of  base. 
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Found  ‘7#:C1 18.31, 18.08.  Calc,  for  C9H20ONCI;  Calculated  <7#:  Cl  18.30. 

b)  An  11  g  sample  of  the  6 -isomer  of  II  (m.  p.  131-132*),  dissolved  in  73  ml  of  absolntc  alcohol,  was 
hydrogenated  at  20*  and  698.7  mm,  in  the  presence  of  3.6  g  of  Raney  nickel,  until  no  more  hydrogen  was  ab¬ 
sorbed;  the  total  volume  absorbed  was  3  liters.  Tlie  catalyst  was  filtered  off,  the  alcohol  was  distilled  off,  and 
the  product  was  rccrystallizcd  from  benzene.  The  yield  was  10.2  g.(90.3'7#)  of  the  0-isomer  of  IV,  of  tn.  p.  98- 

99*. 

Found ‘Ji:  N  8.88,  9.10.  Calc,  for  CjM^gON:  Calculated  N  8.91. 

The  hydrochloride  of  the  IV  0 -isomer  melted  at  172- 173*  (from  alcohol). 

Found  tT,:  Cl  18.31,  18.32.  Calc,  for  CgHjoONCl:  Calculated  <7#:  Cl  18.30. 

c)  A  4.6  g  sample  of  the  liquid  isomer  of  II  (n^  1.4905),  dissolved  in  30  ml  of  absolute  alcohol,  was  sub¬ 
jected  to  exhaustive  hydrogenation  at  16*  and  697.5  mm,  over  2.4  g  of  Raney  nickel,  until  the  calculated  volume 
of  hydrogen  (1344  ml  at  N.  T.  P.)  had  been  absorbed.  The  catalyst  was  filtered  off,  the  alcohol  distilled  off, 
and  the  residue  redistilled  In  vacuo  to  give  4.2  g  (897»)  of  the  liquid  isomer  of  IV. 

B.  p.  90-92* (2  mm),  ng  1.4865,  dj®  0.9G93,  MRj^  46.55,  calc.  46.69. 

Found  *7,:  N  8.92,  8.79.  Calc,  for  C9H19ON:  Calculated ‘7.:  N  8.91. 

The  hydrocliloride  of  the  IV  liquid  isomer  was  a  liquid  which  would  not  crystallize. 

d)  A  20  g  sample  of  mixed  stereoisomers  of  II  (n|)  1.5030),  in  the  form  of  the  liquid  after  separation  of 
some  of  the  crystalline  isomers,  dissolved  in  40  ml  of  absolute  alcohol,  was  subjected  to  hydrogenation  at  19* 

and  697.2  mm,  over  7.0  g  of  Raney  nickel,  until  5.80  liters  of  hydrogen  (corrected  to  N.  T.  P.)  had  been  absorbed. 
The  catalyst  was  filtered  off  and  the  alcohol  distilled  off.  The  residue  was  recrystallized  twice  from  benzene  to 
give  13  g  (03.47*)  of  the  IV  y -isomer,  of  m.  p.  135-136*. 

The  benzene  was  distilled  off  from  the  mother  liquor,  and  the  residue  was  redistilled  in  vacuo  to  give  4.9  g 
(  -  257*)  of  the  IV  liquid  isomer. 

B.  p.  91-92*  (2  mm);  n|5  1.4850;  d?  0.9716;  MR^  46.51,  calc.  46.69. 

e)  A  4.65  g  sample  of  the  y -Isomer  of  III  (m.  p.  125-126*),  dissolved  in  50  ml  of  absolute  alcohol,  was 
hydrogenated  over  1  g  of  Raney  nickel  until  788  ml  of  hydrogen  had  been  absorbed  (18*  and  697  mm).  The  cata¬ 
lyst  was  filtered  off,  the  alcohol  was  distilled  off,  and  the  residue  was  rccrystallized  from  benzene.  The  product 
was  4.5  g  of  the  y  -isomer  of  IV,  of  m.  p.  135-136*  [1]. 

f)  A  1.7  g  sample  of  the  0-isomer  of  III  (m.  p.  82-83*),  dissolved  in  25  ml  of  absolute  alcohol,  was  hydro¬ 
genated  in  the  presence  of  1  g  of  Raney  nickel,  under  the  normal  conditions  for  complete  reduction;  the  volume 
of  hydrogen  absorbed  was  285  ml.  The  product  was  rccrystallized  from  benzene  to  give  1.6  g  of  the  IV  0 -isomer, 
of  m.  p.  98-99*. 

g)  A  4.65  g  sample  of  the  liquid  isomer  of  III  (b.  p.  93-95*  at  2  mm,  n^  1.4930),  dissolved  in  50  ml  of 
absolute  alcohol,  W'as  hydrogenated  over  2  g  of  Raney  nickel  until  the  calculated  quantity  of  hydrogen  (772  ml 
at  11*  and  700  mm)  had  been  absorbed.  The  catalyst  was  filtered  off,  the  alcohol  distilled  off,  and  the  residue 
redistilled  in  vacuo.  Tlie  product  was  4  g  of  the  IV  liquid  isomer.. 

B.  p.  91-93*  (2  mm),  nJJ  1.4860,  dj®  0.9586,  MRj^  46.46,  calc.  46.69. 

SUMMARY 

1,  A  mixture  of  stereoisomers  of  2,5-dimethyl-4-ethynylpiperidine-4-ol  has  been  resolved  to  give  two 
separate  crystalline  isomers  and  one  liquid  isomer. 

2,  Partial  hydrogenation  of  the  individual  isomers  of  2,5-dimethyl-4-cthynylpipcridinc-4-ol  gave  two 
crystalline  and  one  liquid  isomer  of  2,5-dimcthyl-4-vinyIpipcridinc-4-ol  (one  has  been  described  earlier).  Ex¬ 
haustive  hydrogenation  of  the  individual  isomers  of  2,5-dimethyl-4-cthynylpipcridinc-4-ol,  or  of  2,5-dimethyl- 
4-vinylpiperidine-4-ol,  gave  two  crystalline  and  one  liquid  isomer  of  2,5-dimcthyl-4-ethylpipcridinc-4-ol  (one 
has  been  described  earlier). 
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Ditertiary  0-glycols  have  been  obtained  by  complete  synthesis  by  tlie  action  on  RMgX  of  malonic  [1], 
dlmethylmalonic  [2],  cthylaceioacetic  [3],  and  dimethylacetoacctic  [4]  esters.  Worse  results  were  obtained  with 
0-diketoncs  [5],  Most  of  the  known  ditertiary  0 -glycols  have  been  obtained  by  the  action  of  tertiary  0-ketols 
on  AlkMgX  [G]  or  ArMgX  [7].  According  to  our  results,  the  latter  reaction  for  partial  synthesis  is  quite  satisfactory 
provided  that  three  conditions  arc  observed:  the  initial  0-ketol  must  have  been  freshly  redistilled,  the  primary 
Grignard  reaction  product  must  be  decomposed  with  water  without  local  overheating,  and  the  end  product  from 
the  Grignard  reaction  must  be  absolutely  neutral  before  vacuum  distillation, 

Kalishcv  [2]  and  Slavyanov  [2]  were  the  first  to  observe  the  splitting  up  of  hexamethyltrimethylene  glycol 
on  boiling  v/itli  dilute  acids.  Kalishev  interpreted  this  process  as  a  dehydration  of  the  0-glyccl  to  a  0 -oxide, 
followed  by  fission  to  acetone  and  tetramethylethylene.  Slavyanov  was  close  to  a  true  understanding  of  the  nature 
of  this  reaction;  in  his  scheme  water  took  part  in  the  splitting  of  the  0 -glycol  to  acetone  and  dimethylisopropyl- 
carbluol,  and  the  latter  was  then  dehydrated  to  tetramethylethylene.  However,  Slavyanov  [4]  also  pointed  out 
that  his  glycol  "was  extremely  easily  dehydrated  with  fission  to  hexene  and  acetone." 

It  has  been  recorded  in  the  literature  [8]  that  the  action  of  sulfuric  acid,  under  different  conditions,  on  2,4- 
dImcthylpcnta-2,4-diol  gives  a  fraction  of  b.  p.  59-80*,  but  this  fraction  v/as  not  further  investigated  because 
the  main  interest  was  in  the  isolation  of  the  product  of  partial  dehydration  of  the  glycol,  namely  2,4-dimethyl- 
pcnta-4-en-2-ol.  It  has  also  been  recorded  that  0 -ditertiary  glycols  are  very  easily  dehydrated  to  give  dienic 
hydrocarbons [6], 


Our  investigations  on  the  hydrolytic  splitting  of  five  ditertiary  0 -glycols  showed  that,  as  a  result  of  the 
hydrolytic  splitting  of  their  molecules  occurring  in  an  alkaline  medium  and  very  much  more  so  in  an  acid  medium, 
they  all  gave  a  positive  iodoform  reaction  (sec  table).  This  may  be  explained  as  due  to  a  direct  hydrolytic  split¬ 
ting  of  one  or  both  of  the  C-C  bonds  between  the  carbinol  C  atoms  and  the  C  atom  separating  them,  to  give  a 
mixture  of  methyl  ketones  and  of  tertiary  alcohols,  or  of  the  alkcne  dehydration  products  of  the  latter. 
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However,  we  cannot  exclude  a  second  interpretation  based  on  the  facts  that  ditertiary  0 -glycols  can  be 
converted  into  0 -y -unsaturated  tertiary  alcohols  [8],  and  that  the  latter,  as  siiowu  by  Favorskaya  and  Fridman 
[9]  for  alkylaryl-  and  diarylallylcarbinols  and  by  Esafov  [10]  for  dialkylallylcarbinols,  are  capable  of  under¬ 
going  ketonic  splitting.  One  of  the  possible  routes  for  the  dehydration  of  a  0 -glycol  is  shown  below. 
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(Ciij)..c(Oii)r.ii./:(oii)  (Ciinic^iin  — (f:if3)X(oii)cii.^r,(r,ii3)^ciiC3i!7 

— >  (Cir^xo  1  (f:ii3)X---cii4C3ii,  .\.  1I2O. 

If  the  second  mcchnnism  is  .issmncd  to  be  correct  (it  must  be  dcffnitcly  excluded  for  the  case  of  hcxamethyl- 
trimcthylcneglycol),  then  it  is  only  logical  to  suppose  that  tlic  fl  -  y -unsaturated  alcohol  must  undergo  hydrolytic 
splitting  more  easily  than  the  ditertiary  fl -glycol.  In  order  to  test  this  point,  experiments  v/erc  carried  out  on  the 
hydrolytic  splitting  of  mctliylcthylallylcarbinol.  These  showed  that  the  carbinol  split  up  with  considerably  more 
difficulty  than  the  one  of  the  five  fl -glycols  investigated  which  was  most  similar  to  it  in  structure,  namely  2,4- 
dimeihyIhcxa-2,'l-diol  (sec  table, experiments  lG-18), 

In  order  to  confirm  this  indirect  cvidcucc,  a  sample  of  2,4-dimethylocta-2,4-dioI  was  distilled  in  the  pre¬ 
sence  of  0.1  N  sulfuric  acid.  Acetone,  2-meihylhexa -2-cnc,  methyl  btityl  ketone,  and,  qualitatively,  trimethyl- 
and  dimcthylbutyl-carbinols  were  found  in  the  fission  products.  On  this  basis  it  follows  that  ditertiary  fl -glycols 
arc  subject  to  hydrolytic  splitting  on  heating  in  an  alkaline  medium,  or  still  ntore  so  in  an  acid  medium.  Conse¬ 
quently,  substances  containing  a  ditertiary  0 -glycol  grouping  must  be  added  to  the  list  of  known  organic  com¬ 
pounds  capable  of  undergoing  hydrolytic  fission  at  the  C-C  bond. 

EXPERIMENTAL 

The  ditertiary  0 -glycols  were  synthesized*  in  the  apparatus  described  previously  [11].  In  all  the  prepa¬ 
rations  a  solution  of  0.25  mole  of  diacctonyl  alcohol  (d^®  0.9501;  n|^  1.4217;  MRp  31.44)  in  anhydrous  ether  (1  :  1) 
was  added  to  0.5  mole  of  RMgX  at  18-20*  over  a  period  of  3  hr.  The  reaction  mixture  was  allowed  to  stand  for 
12  hr,  then  cooled  in  ice  and  salt  and  cautiously  decomposed  with  50  ml  of  ice  water  while  stirring  continuously. 
The  ether  layer  was  separated,  and  the  viscous  residue  was  dissolved  in  dilute  (1  :  3)  acetic  acid,  saturated  with 
salt,  and  extracted  three  times  with  ether.  The  combined  ether  solutions  were  washed  with  dilute  soda  solution 
and  then  with  water  till  neutral,  and  dried  over  anhydrous  sodium  sulfate.  The  liquid  was  then  filtered,  the  ether 
distilled  off,  and  the  residue  was  distilled  first  at  100  mm  to  remove  volatile  components  and  then  at  1.5-5  mm. 
Acetone  was  present  among  the  low  boiling  components  in  all  the  syntheses,  and  there  was  a  yield  of  di- 
methylbutylcarbinol  in  the  synthesis  from  C.jHjMgBr.  There  was  7.4'7»  by  volume  of  ethylene  in  the  gas  obtained 
from  the  synthesis  with  CgHsMgBr.  In  the  syntheses  from  a-naphthylmagnesium  bromide,  the  product  from  the 
Grignard  reaction  was  treated  with  water  vapor,  after  distilling  off  the  ether,  in  order  to  remove  naphthalene, 
2-MethyI-4-a-naphthylpenta-2,4-dioI  was  recrystallized  from  ligroih  and  finally  from  a  mixture  of  alcohol  and 
petroleum  ether;  its  m.  p.  was  125”  [7].  The  other  fl -glycols  had  constants  agreeing  with  literature  data  [6-8], 

In  the  case  of  syntheses  from  methylmagnesium  iodide  and  butylmagnesium  bromide,  using  diacetonyl  alcohol 
(nj3  1.4192)  which  had  not  been  freshly  distilled  but  had  been  stored  for  a  year  sealed  in  ordinary  glass  phials 
exposed  to  diffuse  light,  the  yields  of  2,4-dimethylpenta-2,4-diol  and  2,4-dimethylocta-2,4-dioI  were  18  and 
15^».  Using  freshly  distilled  diacetonyl  alcohol  and  methylmagnesium  iodide,  ethyl-,  butyl-,  phenyl-,  and 
naphthyl-magnesium  bromides,  the  yields  w'ere  61,  46,  58,  32,  and  30‘7». 

In  experiments  to  determine  the  degree  of  hydrolytic  splitting  of  the  0 -glycols  and  of  mcthylcthylallyl- 
carbinol  (b.  p.  138.5- 139“  at  739  mm;  d^®  0.8324;  n|^  1.4308;  MRj^  35.49),  approximately  0.001  mole  samples 
were  sealed  up  with  either  10  ml  of  0.1  N  KOH  (experiments  1,  4,  7,  and  16  in  table),  or  10  ml  of  N  KOH  (experi¬ 
ments  2,  5,  8,  10,  13,  and  17),  or  10  mlofdioxane*  *+  10  ml  of  N  KOH  (experiments  11  and  14),  or  10  ml  of  0.1 
N  II2SO4  (experiments  3,  6,  9,  12,  15,  and  18),  and  the  ampules  were  heated  in  a  boiling  water  bath  for  2  hr.  In 
the  experiments  with  KOH  solution,  the  contents  of  the  cooled  ampules  were  then  transferred  to  flasks,  treated 
with  25  ml  of  0.1  N  aqueous  iodine  and  25  ml  of  N  NaOH,  and  allowed  to  stand  for  15  min.  Enough  N  hydro¬ 
chloric  acid  was  added  to  give  1  ml  excess,  and  the  unreacted  iodine  was  titrated  with  0.1  N  thiosulfate  solution. 
In  tile  experiments  with  sulfuric  acid  solution,  the  contents  of  the  ampules  were  transferred  to  100  ml  graduated 
flasks  and  made  up  to  the  mark.  Aliquot  portions  of  10  ml  were  taken  to  investigate  the  iodoform  reaction;  the 
solutions  were  not  filtered  in  experiments  3  and  6,  but  were  filtered  in  experiments  9,  12,  15,  and  18.  Calcu¬ 
lations  of  the  degree  of  hydrolytic  splitting  were  based  on  a  consumption  of  3  molesof  iodine  per  mole  of  glycol 
or  carbinol  for  lOO*’/*  decomposition  (see  table). 


•Syntheses  were  carried  out  by  the  students  T,  I,  Osipova,  N.  M.  Birintseva,  L.  A.  Samarina,  F,  A,  Khasina, 
L.  M.  Romanova,  M.  V.  Chupina,  and  T,  I.  Morozova, 

*  ^  Dioxane  was  added  to  give  a  homogeneous  solution. 
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TABLE 


Expt. 


Substance 


No. 


1 

2 

3 

4 

5 
C 

7 

8 
9 

JO 

It 

12 

13 

14 

15 

Ifi 

17 

18 


I  2,4-Dimctliylpcnia- 
[  2,4-diol 

12,4-  Dime  thy  the  xa  - 
2.4-diol 

12,4  -Dimetliylocta  - 
2,4-diol 

12  -MeUiy  1  -4  -phenyl  - 
penta -2,4-diol 

2-Methyl-4-a- 
nnphthylpcnta -2,4- 
diol 

IMcthylethylallyl- 
carbinol 


Vol.ofO.l  NNaaSaOj,!!!!* 


Sample 
wt.,  g 


0  1317 
0.1 353 
0.1310 

0.1. ^.07 
0.1746 
0.12.51 

0.1723 

0.1741 

0.I7S5 

0.1946 

0.1947 

0.1948 

0.2436 

0.2436 

0.2440 

0.1 2!  6 
0.1322 
0.1073 


cquiv,  of 

iodine 

consumed 


5.S0 

4.73 


8.32 

5.58 


23.0 

22.4 


24.46 

23.66 


24. .56 
23.86 
10.64 

23.17 

22.97 

21.30 


19.00 

20.07 

59.20 

16.48 
19  22 
48.06 

1.80 

240 

40..50 

0.34 

1.14 

55.45 

0.24 

0.94 

14.16 

1.63 

1.83 

3.50 


Degree  of 
hydrolytic 
splitting,  % 

theoretical 


30.47 

32.67 

97.34 

26.66 

26.82 

93.63 

3.03 

4.01 

65.89 

0.56 

1.89 

92.16 

0.40 

1..57 

23.63 

2.55 

2.63 

6.20 


The  results  in  the  table  show  that  all  the  ditertiary  8 -glycols  gave  positive  iodoform  reactions.  The  iodo¬ 
form  produced  (experiments  3  and  9)  melted  at  118-119*  after  filtration,  washing  with  water,  drying,  and  re- 
crystallization. 

A  36  g  sample  of  2,4-dimcthylocta-2,4-diol  (b.  p.  100.5*  at  1.5  mm;  d^®  0.9026;  n^  1.4440;  MRp  51.29) 
was  redistilled  in  3  g  portions  from  a  Claisen  flask  containing  50  ml  of  0.1  N  sulfuric  acid;  30  ml  of  distillate 
were  collected  per  hour,  and  5  ml  of  water  was  added  to  the  flask  after  each  5  ml  of  distillate  had  been  collected. 
The  yellowish  sulfuric  acid  solution,  containing  a  small  amount  of  tarry  material,  was  replaced  by  fresh  acid 
after  the  distillation  of  every  6  g  of  fi -glycol.  The  oily  layers  from  tiie  distillates  were  separated  and  heated  to 
148*  on  a  metal  bath  to  isolate  the  more  volatile  components;  the  residues  were  then  subjected  to  a  second  distil¬ 
lation  under  the  above  stated  conditions.  The  final  products  were  700  ml  of  aqueous  liquid  and  5.8  g  of  oil  boil¬ 
ing  up  to  148*.  The  aqueous  liquid  yielded  0.8  g  of  material  boiling  at  57-59*  (743  mm),  which  gave  0.9  g  of 
a  semicarbazone  of  m.  p.  189*;  this  showed  that  acetone  was  present.  A  further  0.8  g  of  material  from  the  aque¬ 
ous  liquid  and  2.6  g  from  the  oil,  boiling  in  the  range  60-100",  were  extracted  with  water  until  there  v/as  no 
further  volume  change.  The  aqueous  extract  was  filtered,  and  the  filtrate  was  saturated  with  potash;  2  ml  of  a 
liquid  was  thus  salted  out;  this  gave  a  positive  iodoform  reaction  and  a  Deniges  reaction  [12],  and  was  identical 
with  pure  trimcthylcarbinol. 

The  water-insoluble  residue  from  the  above  60-100*  fraction  was  heated  with  metallic  sodium  at  80*  and 
redistilled  to  give  1.2  g  of  2-methylhexa-2-cne. 

B.  p.  91-92*  (741  mm);  d*®  0.7070;  n|^  1.4020;  33.81,  calc,  for  C7H24F  34.05;iodinc  No.  255.40  (Ganns), 

calc,  258.56. 

The  2.7  g  of  the  oil  which  boiled  at  120-146*  was  shaken  vigorously  with  a  solution  of  2.2  g  of  semi- 
carbazide  hydrocfiloridc  and  2.7  g  of  sodium  acetate  in  10  ml  of  water.  Heat  was  evolved  and  a  semicarbazone 
was  formed.  This  semicarbazone  was  freed  from  oily  impu;iiics  by  shaking  it  several  times  with  1  :  2  alcohol 

•in  a  blank  experiment  the  consumption  of  0.1  N  Na2S203  was  24.8  ml. 
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wntcr  mixture.  The  resulting  1.8  g  of  scniicarbazoue  meltefi  at  118*,  confirming  the  presence  of  methyl  butyl 
ketone  [13],  Tlie  aqueous  litjuid  decanted  off  from  the  scniicnrbazonc  and  the  aqueous  alcohol  washings  were 
combined  and  treated  with  potash.  The  liquid  salted  out  was  dried  over  ignited  potash,  filtered  and  distilled.  The 
residue  from  the  alcoliol  distilled  off  showed  a  positive  Dcnfgcs  reaction. 

SUMMARY 

1.  Conditions  have  been  established  for  the  synthesis  of  ditertiary  0 -glycols  from  tertiary  0-kctoh, 

2.  It  has  been  fotind  that  ditertiary  0 -glycols  have  the  general  property  that  the  bonds  between  one  or 
both  of  the  carbinol  carbon  atoms  and  the  carbon  atom  separating  them  can  be  split  by  hydrolysis  in  an  alkaline 
medium,  and  even  more  readily  in  an  acid  medium, 
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It  is  well  known  that  vinyl  alkyl  ethers  polymerize  readily  in  the  presence  of  acid  reagents  (FeCl3,  BFs, 
etc)  to  give  liquid  and  solid  polymers  [1],  However,  as  is  stated  in  one  of  the  patents  [2],  vinyl  ethers  can  also 
undergo  an  autocondensation  reaction  in  the  presence  of  such  complex  catalysts  as  BF3*0(C2H5)2+  Hg(OCOCH3)2 
or  BFs.0(C2H5)24  IlgO,  to  give  a  dimerized  product,  namely  the  acetal  of  vinylacetaldchyde; 

/OCoIlj 

2cn2=cii-oc2ii5  — >  cii2=cn-cii2-cii<' 

\0C2II5 

When  we  were  completing  the  experimental  part  of  our  work,’a  paper  was  published  on  the  autoconden 
sation  of  vinyl  ethers  in  the  presence  of  the  complex  catalyst  BF3*0(C2H5)2+ Hg(OCOCH3)2  [3], 


We  investigated  the  autocondensation  reactions  of  vinyl  etliyl,  vinyl  butyl,  and  vinyl  isoamyl  ethers  in  the 
presence  of  BF3*0(C2H5)2  complexed  with  HgO,  Hg(OCOCH3)2,  HgS04,  and  HgCl2,  of  FeQ3  complexed  with  HgO 
and  Hg(OCOCH3)2,  and  of  ZnCl2  complexed  with  HgO.  Acetone,  dimethylformamide,  diethyl  ether,  nitro- 
methane,  and  acetophenone  were  used  as  solvents.  It  was  found  iliat  the  autocondensation  reaction  proceeded 
most  readily  in  acetone  or  diethyl  ether,  using  a  catalyst  consisting  of  BF3’0(C2H5)2  complexed  with  HgO  or 
Hg( 0000113)2.  Under  ilicse  conditions,  there  was  a  yield  of  up  to  of  the  acetal  of  vinylacetaldchyde  together 
with  a  small  amount  of  the  condensation  products  of  the  acetal  with  the  vinyl  alkyl  ether.  Special  experiments 
showed  that  mercuric  oxide  and  mercuric  acetate  were  unable  to  bring  about  any  autocondensation  of  vinyl  ethers 
in  the  absence  of  the  etherate  of  boron  trifluoride.  On  the  other  hand,  it  is  known  that  vinyl  alkyl  ethers  poly¬ 
merize  readily  in  the  presence  of  boron  trifluoride  etherate;  it  is  most  probable,  therefore,  that  the  autoconden¬ 
sation  of  vinyl  alkyl  ethers  occurs  in  two  stages.  In  the  first  stage,  mercuric  acetate  combines  with  the  vinyl 
alkyl  ether  at  the  double  bond  to  give  a  mixed  acetate-acyl  derivative  (III)  [4],  and,  in  the  second  stage,  this 
combines  with  another  molecule  of  vinyl  alkyl  ether  under  the  influence  of  the  boron  trifluoride  etherate,  the 
reaction  being  similar  to  that  previously  described  for  the  addition  of  acetals  and  ketals  to  a  vinyl  ether  [5-7]: 


Ilg(OCOCIl3)2  -f  CII2--CII-OR 
(1)  (11) 


.OCOCII3 

CII2-C1I< 

I  OR 

IlgOCOCIl3^'^ 


(III) 

OCOCII3 

(II1)  + Cll2=Cll-OR  CIl2-(lll-CIl2-CIl^ - V 

I  ^OR 

IlgOCOCIIs  (IV) 


OR 


Cll2=Cll-Cll2-ClI<f  4-  llg(OCOCll3)2 
\OR 


(V) 

Jt  =  r.,ii,.  r..ii,.iso  cji„. 


•Part  IV  this  journal  29,  3G92  (1959). 
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The  autocoiiclcnsntlon  of  vinyl  nikyl  ethers  In  the  presence  of  the  complex  catalyst  HgO  +  I3r3*0(C2H5)2 
can  evidently  occur  by  a  similar  mechanism: 

•  iigv:) -f- cHa^cii-on  C1I2— cii-on 


•  OtC.H.I, 


ll«  — o 


,OI\ 


y\J  l\ 

r,ii2-(:M-(:ii2-cii<'  - (;ii...^:(:ii-cii2-cii(  fiico 

I  I  ^OR  \0R 

IlK— o 


Acetals  of  vinylacetaldchydc  formed  In  this  way  can  combine  with  another  molecule  of  vinyl  alkyl  ether 
to  give  l,l,3-iriall<oxy  compounds  (VI): 

OR 


(V)  f-  cir2=cii-OR 


OR 

cn2=f:ii-r.ii2-(:ii-(:n2-cii^ 

(VI)  ^OR 


However,  this  last  reaction  is  slower,  and  the  yield  of  VI  is  very  small.  In  special  experiments  on  the 
combination  of  vinylacetaldchydc  diacctal  with  vinyl  ethyl  ether,  the  yield  of  l,l,3-triethoxyhcxa-5-ene  (VI, 
R=C2H5)  was  only 

In  order  to  demonstrate  that  acetals  of  vinylacetaldchydc  really  were  formed  by  the  autocondensation  of 
vinyl  alkyl  ethers,  we  recorded  the  infrared  spectra  of  the  antocondensation  products  from  vinyl  ethyl  and  vinyl 
butyl  ethers  and  compared  these  with  the  spectrum  of  the  dicthylacetal  of  crotonaldchyde  (made  by  acetallzing 
crotonaldehyde  [8]), 


Examination  of  the  absorption  curves  showed  that  the  autocondensation  product  from  vinyl  ethyl  ether  gave 
bands  at  3077  and  3016  cm'^  (weak),  while  the  product  from  vinyl  butyl  ether  gave  a  band  at  3079  cm*^.  These 
bands  are  characteristic  of  the  terminal  vinyl  grouping  (CH2=CH-)  [9], 

The  dicthylacetal  of  crotonaldehyde  differed  in  having  an  absorption  band  at  3035  cm‘^,  characteristic  of 
the  substituted  vinyl  grouping  (-CH  =  C1I-)  [9], 

Hydrogenation  of  the  dicthylacetal  of  vinylacetaldchydc  (V,  R=C2H5)  gave  the  dicthylacetal  of  butyric 

acid. 


Hydrolysis  of  the  acetal  of  vinylacetaldchydc  by  57*  phosphoric  acid  gave  crotonaldehyde,  i.  e.  the  reaction 
was  accompanied  by  allylic  regrouping  of  the  double  bond  to  the  a,  fl -position  with  respect  to  the  carbonyl  group. 
The  action  of  2,d-dinitrophcnyIhydrazine  on  the  acetal  of  vinylacetaldchydc  in  an  acid  medium  also  gave  the 
2,4-dinitrophcnylhydrazone  of  crotonaldchyde. 

Since  the  vinylacetaldchydc  acetals  were  readily  obtained  in  good  yield,  it  was  of  interest  to  investigate 
the  possibility  of  obtaining  alkoxydienes  from  them.  It  was  found  that  passage  of  the  acetal  over  an  acid  catalyst, 
under  reduced  pressure,  at  350*,  gave  a  good  yield  of  the  l-alkoxybuta-l,3-dienc  (VII): 


CIl2=CH-Cn2-CIl(  CIl2-=CII-CII=criI-OR 

\OR  350- 

=  C.H,.  iso  -<^*»ii- 


Thus  the  catalytic  decomposition  of  acetals  of  vinylacetaldchydc  provides  a  new  and  convenient  method 
of  obtaining  1 -alkoxydienes. 

Our  l-alkoxy-l,3-diencs  gave  adducts  (VIII)  with  maleic  anhydride,  which  hydrolyzed  to  give  crystalline 
alkoxytetrahydrophthalic  acids  (IX): 

OR  OR  OR 


+1  1 1  )- 
(VIU) 

R=nC,lI„  C,H,.iso 


Cl 

\>^\cooii 


(IX) 


/ 
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EXPERIMENTAL 


The  diciliyl.icctal  of  vinylnccinldchydc  (V,  R=C;Hr,).  A  mixture  of  30  ml  of  acetone,  1  g  of  mercuric 
oxide,  and  0.1  ml  of  boron  trifluoridc  cthcratc  was  treated  with  100  g  of  vinyl  ethyl  ether,  added  drop  by  drop, 
at  0*,  during  2  lir,  with  vigorous  stirring.  The  reaction  mixture  was  stirred  for  a  further  2  hr  at  20*,  neutralize^ 
with  solid  potash  while  continuing  the  stirring,  filtered,  and  redistilled  in  vacuo.  The  product  was  78.1  g  (78,l<7o) 
of  the  dicthylacctal  of  vinylacctaldchyde. 

B.  p.  70*  (5C  mm);  nJJ  1.4073;  df  0.8450;  MRp  42.04,  calc.  41.96. 

Found  C  66.90,  66.97;  H  11.07,  11.27.  Calc,  for  CgHjcOj:  Calculated  ofo:  C  66.62;  H  11.18. 

The  corresponding  2,4-dinitrophcnylhydrazone  was  obtained  by  ntixing  an  alcoholic  solution  of  the  acetal 
with  an  alcoftolic  solution  of  2,4-diuitrophcnylhydra2inc  sulfate  [11].  The  product  was  rccrystallizcd  a  few 
times  from  alcohol;  it  then  melted  at  188-189’  and  gave  no  m.  p.  depression  when  mixed  with  crotonaldehyde 
2,4‘diuitrophcnylhydrazooe. 

Found ‘Jo:  N  22.75,  22.78.  Calc,  for  C1QHJQO4N4;  Calculated  *70:  N  22.38. 

The  diisoamylacctal  of  vinylacctaldchyde  (V,  R=  iso-CsIIji).  A  mixtinc  of  10  ml  of  acetone,  0.5  g  of 
mercuric  acetate,  and  0.2  g  of  boron  trifluoridc  eihcratc  was  treated  with  65  g  of  vinyl  isoamyl  ether,  added  at 
0*,  during  1.5  hr,  with  vigorous  stirring.  The  reaction  mixture  was  stirred  for  a  further  1  hr  at  room  temperature 
and  then  treated  as  in  the  previous  experiment.  The  product  was  52  g  (SO^o)  of  the  diisoamylacctal  of  vinyl- 
acetaldehyde. 

B.  p.  56-57’  (0.5  mm);  n”  1.4273;  df  0.8385;  MR^69.98,  calc.  69.87. 

Found  ‘J'o;  C  73.42,  73.98;  H  12.43,  12.30.  Calc,  for  C14H28O2:  Calculated  ‘7o:  C  73.63;  H  12.36. 

The  dibutylacetal  of  vinylacctaldchyde  (V,  R=C4H9)  was  prepared  in  a  similar  way. 

B.  p.  102’  (11  mm);  n^  1.4236;  df  0.8477;  MR^^  60.33,  calc.  60.43. 

Found ‘J'o:  C  72.07,  72.19;  H  12.16,  12.17.  Calc,  for  C12H24O2:  Calculated  ‘J'o:  C  71.95;  H  12.08. 

The  compounds  V  (R=C4H9  and  iso-CgHjj)  gave  the  same  crotonaldehyde  2,4-dinitrophenylhydrazone 
(mixed  m.  p.)  on  treatment  with  2,4 -dinitrophcnylhydrazinc  sulfate. 

Hydrogenation  of  the  diethylacctal  of  vinylacctaldchyde.  A  14.4  g  sample  of  the  diacctal  was  hydrogenated 
at  50*  in  the  presence  of  i’d/CaC03  catalyst.  Tlic  theoretical  volume  of  hydrogen  was  absorbed  in  30  hr.  The 
product  was  filtered  and  redistilled,  to  give  13  g  of  the  diethylacctal  of  butyraldehyde  (b.  p.  143-146*;  n^  1.3948). 
The  2,4-dinitrophcnylhydrazone  (m.  p.  122  -123’ [10])  gave  no  m.  p.  depression  when  mixed  with  a  known  sample 
of  butyraldehyde  2,4-dinitrophenylhydrazone. 

Hydrolysis  of  the  dieihylacetal  of  vinylacctaldchyde.  A  mixture  of  12.7  g  of  the  diethylacctal  of  vinyl- 
acetaldehyde  with  15  ml  of  5'v)  phosphoric  acid  was  stirred  vigorously  for  5  hr  at  60*.  The  reaction  mixture  was 
then  diluted  with  ether,  washed  with  water  and  with  dilute  sodium  bicarbonate  solution,  and  dried  over  sodium 
sulfate.  The  product  was  4  g  (64.7%)  of  crotonaldehyde  fb.  p.  102  -104*;  uj^  1.4324). 

The  2,4-dinitrophcnylhydrazone  (m.  p.  188  -189")  gave  no  m.  p.  depression  when  mixed  with  crotonaldehyde 
2,4-dinitrophcnylhydrazone  [11]. 

Condensation  of  the  dicthylacctal  of  vinylacctaldchyde  with  vinyl  ethyl  ether.  A  stirred  mixture  of  20  g 
of  the  dicthylacctal  of  vinylacctaldchyde  with  0.1  g  of  ferric  chloride  at  0’  was  treated  with  4.9  g  of  vinyl  ethyl 
ether,  added  over  45  min.  The  mixture  was  stirred  for  a  further  2  hr  at  20’,  ucutralized  w'ith  sodium  methoxide, 
and  redistilled  in  vacuo.  The  product  was  3.5  g  (23.8%)  of  1,1,3-tricthoxyticxa -5-cne. 

B.  p.  50-52’  (0.5  mm);  n^  1.4230;  df  0.8852;  MR^  62.23,  calc.  62.08. 

Found  C  66.60,  67.14;  H  11.10,  11.17.  Calc,  for  C, 2112403:  Calculated  %:  C  66.63;  H  11.18. 

l-Ethoxybuta-l,3-dicnc.  A  porcelain  tube,  60  cm  long  and  20  mm  in  diameter,  was  packed  with  100  ml 
of  MgHP04*Na2Si03  catalyst  [12];  34  g  of  the  diethylacctal  of  vinylacctaldchyde  was  passed  tfirtnigh  this  at  20  mm 
pressure, at 350’, during  80  min.  The  product  was  condensed  out  in  a  trap  cooled  by  solid  carbon  dioxide  and 
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.icctone,  wnshcd  with  w.itcr,  dried  over  nnliydrous  potash,  atid  redistilled.  The  yield  was  1G,7  g  (72.5'7o)  of 
l-etiioxybiita -1,3-dictie  (b.  p.  G5  -G7*  at  150  inrn;  1.4GJ0[12]). 

l-Btitoxybiita-l,3-dicttc  was  obtained  in  a  similar  way  from  the  dy)utylacetal  of  vinylacctaldchyde  (yield 

lOrJo). 

B.  p.  44-45*  (3  mm);  nj®  1.4G19. 

Found  <70:  C  75.80,  7G.00;  H  11.42,  11.42.  Calc,  for  Cglij^O:  Calculated  <70:  C  76.14;  H  11.18. 

1- IsoamyIoxybuta  -1,3-diene  was  obtained  in  45‘7o  yield  front  the  diisoamylacctal  of  vinylacetaldehyde, 

B.  p.  59-60*  (10  mm);  n”  1.4610;  df  0.8180;  47.02,  calc.  44.47. 

Found  *70:  C  77.41,  77.33;  H  11.62,  11.60.  Calc,  for  CglligO;  Calculated  C  77.09;  H  11.50. 

Dienic  synthesis  from  1-ethoxybuta -1,3-diene  and  maleic  anhydride.  A  solution  of  9.8  g  of  1-ethoxybuta- 
1,3-dictic  in  30  ml  of  benzene  was  treated  with  8.7  g  of  maleic  anhydride.  The  reaction  mixture  was  heated 
to  boiling  and  allowed  to  stand  for  5  hr.  The  product  was  redistilled  in  vacuo.  The  yield  was  8  g  of  2-ethoxy- 
1,2,5,6-tctrahydrophthalic  anhydride  (VIII,  R=C2Hs). 

B.  p.  141-142*  (2  mm);  n^  1.4850;  df  1.2081;  MR^^  46.56,  calc.  46.82. 

Found  <70;  C  61.54,  61.22;  H  6.37,  6.39.  Calc,  for  CigHiaO^:  Calculated  C  61.21;  H  6.17. 

2- Butoxy-l,2,5,6- tetrahydrophthalic  anhydride  (VIII,  R=C4Hg)  was  obtained  in  a  similar  way. 

B.  p.  129-130*  (0.5  mm);  n^  1.4830;  df  1.1385;  MR^^  56.74,  calc.  55.94. 

Found  C  64.53,  64.68;  H  7.09,  7.10.  Calc,  for  C12H16O4;  Calculated ‘7o:  C  64.27;  H  7.19. 

2-Isoamyloxy  -1,2,5,6-tetrahydrophthaIic  anhydride  (VIII,  R=iso-C5Hij)  was  obtained  similarly. 

B.  p.  140-141*  (0.5  mm);  n|J  1.4808;  df  1.1257;  MR^^  60.20,  calc.  60.55. 

Found  C  65.79,  65.70;  H  7.78,  7.72.  Calc,  for  Ci3Hi304:  Calculated  <7o:  C  65.53;  H  7.61. 

2 -Ethoxy -1,2, 5, 6 -tetrahydrophthalic  acid  (IX,  R=C2H5)  was  obtained  by  boiling  4  g  of  the  anhydride  (VIII, 
R=C2H5)  with  15  ml  of  water  for  4  hr.  The  yield  was  3.1  g  (m.  p.  133-133.5*,  from  water). 

Found  %:  C  56.31,  56.22;  H  6.74,  6.67.  Calc,  for  CjoHi405:  Calculated  C  56.07;  H  6.59. 

2-Butoxy-l,2,5,6-tetrahydrophthalic  acid  (IX,  R=C4Hg)  was  obtained  similarly  (m.  p.  122-122.5*). 

Found  <7o:  C  59.74,  59.91;  li  7.64,  7.57.  Calc,  for  C^HigOs;  Calculated  C  59.45;  H  7.49. 

2-lsoaniyloxy  -1,2,5,6-tctrahydrophthalic  acid  (IX,  R=iso-C5Hjj)  was  obtained  similarly  (m.  p.  125.5- 

126*). 

Found  <70:  C  60.98,  61.45;  H  7.93,  8.06.  Calc,  for  C13H20O5:  Calculated  C  60.92;  H  7.87. 

SUMMARY 

1.  An  investigation  has  been  made  of  the  autocondensation  reactions  of  vinyl  ethyl,  vinyl  butyl,  and  vinyl 
isoarnyl  ethers  in  the  presence  of  the  complex  catalysts  BF3*0(C2U5)2+  HgO,  BF3*CXC2ll5)2+ Hg(OCOCU3)2,  etc. 

The  acetals  of  vinylacctaldchyde  arc  formed;  the  reaction  mechanism  is  discussed, 

2,  These  acetals  of  vinylacctaldchyde  can  easily  be  converted,  in  high  yield,  to  l-alkoxybuta-l,3-dicnes, 
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A  number  of  investigators  have  recently  devoted  their  attention  to  the  synthesis  of  arylalkyl  hydrazines  In 
which  the  hydrazine  group  is  in  the  0 -position  of  the  side  chain,  because  fl -phenylisopropylhydrazine  has  been 
found  to  be  effective  in  reducing  blood  pressure  [1], 

O-Phenylcihylliydrazinc  (I)  itself  lias  been  synthesized  in  yield  by  the  direct  alkylation  of  hydrazine 
[2],  N,N-di(0 -phcuylcthyl)hydrazine  is  formed  as  a  secondary  product.  • 

Cfil  IsCl  IjCI  IjCl  — CeHsCHzCHaNHNHz  +  (Ql  IsCHzCl  l2)2NNHi 

Wc  repeated  this  synthesis,  using  the  improved  method  developed  for  benzylhydrazine  [3],  and  obtained 
3 -phcnylcthylhydrazine  (I)  in  83^3  yield.  The  reaction  was  carried  out  with  vigorous  stirring  without  solvent, 

A  difference  from  benzylhydrazine  preparation  was  that  it  was  necessary  to  heat  the  hydrazine  hydrate  to  90*. 

It  was  of  interest  to  syntlicsize  some  0 -phenylethylhydtazincs  with  rnethoxy  groups  in  the  benzene  ring, 
in  view  of  their  structural  relationships  to  alkaloids  of  the  mcscalin  type.  For  this  purpose  it  was  necessary  to 
obtain  the  corresponding  dimethoxyphenylethyl  chlorides,  which  could  be  conveniently  synthesized  from  the 
corresponding  alcohols.  Such  alcohols  are  usually  obtained  by  diazotization  of  the  corresponding  amines  or  by 
reduction  of  esters  [4-7],  By  analogy  with  a  method  described  [8]  for  the  preparation  of  0-(2,5-dimethoxyphenyl) 
ethyl  alcohol,  we  treated  butyllithium  with  veratrole  to  obtain  a  mixture  of  the  two  isomers  of  veratryllithium, 
and  this  reacted  with  ethylene  oxide  to  give  a  mixture  of  the  corresponding  alcohols. 
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Wc  were  able  to  separate  these  alcohols  by  fractional  distillation  under  reduced  pressure,  and  thns  to  obtain 
U -(2,3-din)cthoxyp!icnyI)cthyl  alcohol  (11)  in  yield  and  fl-(3,'l-diincthoxyphcnyl)ethyl  alcohol  (III)  in  17®/® 
yield. 


The  coaesponding  chlorides  (IV  and  V)  were  synthesized  In  81-827o  yield  by  reaction  of  the  alcohols  wl  h 
thionyl  chloride.  Direct  alkylation  of  Itydrazinc  with  titese  cliloridcs  then  gave  two  new  monosubsiituted  dl- 
methoxyphcnylctliylliydrazincs  (VI  and  VII), 
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All  the  B  *phcnylctliylhydrazines  which  wc  prepared  were  colorless  oily  liquids  of  high  refractive  index. 
They  turned  yellow  and  gave  off  nitrogen  on  standing  exposed  to  air.  Their  hydroclilorides  were  readily  obtained 
by  passing  hydrogen  chloride  through  solutions  of  the  hydrazines  in  anhydrous  benzene  or  absolute  ether. 

Tlicsc  6 -aryleihylhydrazines  were  condensed  with  esters  of  fl-keto  acids  to  give  l-aryIcthylpyrazol-5-ones, 
U-C-CII-IV 

I— r"' 

N  I  R  =  CH„  C,H,.  C.H,; 

K'  =11.  C.ll,.  NO,; 

''q  U''  =  C.H„  2.3-C,H,(OClI,),.  3.*-C.lI,(OCl!,),. 

(SiizCiizn" 

(VIll) 

The  condensation  was  carried  out  without  solvent  or  with  a  small  amount  of  alcohol,  and,  after  a  short 
heating  period,  the  reaction  mixture  wasdiluted  with  a  large  quantity  of  ether;  the  crystalline  pyrazolone  then 
precipitated  immediately  in  a  reasonably  pure  state. 


6  COOC2II5 
+  -H,o 

Nllj 

\nii 
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-C,ll,OH 


Considering  that  the  pyrazolones  should  to  some  extent  show  the  properties  of  cyclic  amides,  we  carried 
out  an  experiment  on  cycllzation,  similar  to  the  Bischlcr-Napicralskii  reaction,  by  heating  1-arylethyIpyrazoIones 
with  a  dehydrating  agent. 


The  dehydrating  agents  used  were  phosphorus  pentoxidc  in  various  solvents  or  without  solvent,  polyphos- 
phoric  acid,  and  phosphorus  oxychloride.  In  most  eases  there  was  no  reaction.  In  the  attempts  to  carry  out  cycli- 
zaiion  with  phosphorus  oxychloride,  tiie  only  reaction  was  substitution  of  the  hydroxyl  group  of  the  cnol  form  of 
the  pyrazolone  by  halogen,  e.  g.  the  product  from  l-(fl -phcnylcthyl)-3-mcthyIpyrazol-5-onc  was  l-(fl-phenyl- 
ethyl)-3-mcthyI-5-chloropyrazolc  (IX). 

Clla—jj  CII3— ii  j  D 

N  I  — .N  1  N  l_p, 

I  I  I 

CHjCIIaCclIj  CllaCHaCcll.-,  ClljClIaCclIs 

(VIII)  (IX) 
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A  similar  reaction  was  observed  with  l-[fl-(2,3-diii)cihoxyphcnyl)cthyl]-3-methylpyrazoI-5-onc, 

Aryiiing  that  tlie  introduction  of  a  nitro  group  into  the  4  position  might  activate  tlie  hydroxyl  group  and  thus 
promote  cyclizatlon,  we  prepared  the  corresponding  nitropyrazolone  by  a  ntethod  similar  to  one  described  in  the 
literature  [9],  However,  cyclization  did  not  occur  in  this  ease  either.  The  hydrogen  in  the  benzene  ring  should 
be  mobile  under  the  influence  of  tlie  methoxy  groups,  and  the  reason  for  the  absence  of  cyclization  is  evidently 
the  low  mobility,  or  more  precisely  the  acid  character,  of  the  hydroxyl  group  in  the  5  position. 

EXPERIMENTAL 

fl-Phcnylethylhydrazine  (I).  A  520  g  quantity  of  9G'7o  hydrazine  hydrate  was  heated  on  a  water  bath  to  90*, 
and  140  g  of  -phenylcthylchloridc  was  added,  with  vigorous  stirring,  over  a  period  of  4  hr.  Stirring  was  con¬ 
tinued  for  another  2  hr  at  the  same  temperature.  The  mixture  was  then  cooled  to  room  temperature  and  ex¬ 
tracted  continuously  with  ctlier.  The  ether  was  distilled  off  from  the  extract,  and  the  residue  was  redistilled  in 
vacuo.  The  product  was  103  g  (8y/o)  of  fl -phenylethylhydrazinc  (b.  p,  132-136*  at  10  mm).  This  had  the  fol¬ 
lowing  properties  after  two  rcdistillations. 

B.  p.  134.5*  (10  mm);  n^  1.5490;  df  1.0161;  42.63,  calc,  for  CgH^Nj  42.68. 

Literature  data  [2]:  b.  p.  137-139“  (12  - 13  mm);  yield  4V^o, 

l-(fl -PiienyIethyl)-3-methylpyrazol-5-oue  (VIII,  R=CH3,  R'=H,  R"=C5H5).  A  27.3  g  charge  of  0-phenyI- 
ethylhydrazine  was  mixed,  a  little  at  a  time,  with  26.1  g  of  freshly  distilled  acetoacetic  ester.  The  resulting 
warm  mixture  was  heated  for  30  min  on  a  water  bath,  cooled  to  room  temperature,  and  treated  with  150  ml  of 
ether.  The  yield  was  32.1  g  (80^o),  m.  p.  139-140*  (from  alcohol)  [10],  Xmax  246  mp,  log  e  3.806  (in  methanol), 

l-(0 -PhenyIcthyI)-3-mcthyl-4-nitropyrazol-5-onc  (VIII,  R=CH3,  R'=N02,  R"=C6H5).  A  solution  of  30.3  g 
of  l-(/j -phcnylctliyI)-3-methyIpyrazol-5-one  in  50  ml  of  alcohol  and  20  ml  of  concentrated  hydrochloric  acid 
was  treated  with  15.3  g  of  sodium  nitrite  in  200  ml  of  water.  The  solution  turned  yellow  when  the  first  part  of 
tlie  nitrite  was  added,  and  finally  there  was  a  precipitate  of  orange  crystals  of  the  nitroso  derivative. 

The  resulting  l-(6-phenylethyl)-3-methyl-4-nitrosopyrazol-5-one  [10]  was  suspended  in  a  small  amount 
of  acetic  acid  and  treated,  drop  by  drop,  with  30  ml  of  concentrated  nitric  acid.  The  reaction  mixture  was  diluted 
with  water  when  evolution  of  nitrogen  oxide  had  ceased,  and  the  crystalline  precipitate  was  separated.  Yield  33,7 
g  (91<7o),  m.p.  140-141*  (from  alcohol). 

Found  <70;  N  16.41,  16.83.  Calc,  for  Ci2Hi303N3;  Calculated ‘/o:  N  17.00, 

l-(  B -Pheuylethyl)-3-ethyIpyrazol-5-one  (VIII,  R=C2H5,  R'=H,  R"=CsH5).  A  2.7  g  sample  of  fi-phenyl- 
ethylhydrazinc  was  mixed  slowly  with  2.9  g  of  propionylacetic  ester,  using  water  cooling.  The  mixture  was  heated 
on  a  water  bath  for  40  min,  and  cooled  to  room  temperature.  The  resulting  oil  was  dissolved  in  50  ml  of  ether, 
and  allowed  to  stand  overnight  in  the  cold.  The  crystalline  precipitate  formed  was  separated  and  dried  at  60*. 

Yield  2.8  g  (GS^Tj),  m.  p.  98-99’  (from  alcohol). 

Found ‘’/o:  N  12.92,  12.63.  Calc .  for  C13H15ON2:  Calculated  <70;  N  12,95, 

l-(0 -PhcnylcthyI)-3-methyl-4-butylpyrazol-5-one  (VIII,  R=CH3,  R’=C^H5,  R"=CcH5).  A  mixture  of  27.2  g 
of  B -phenylethylhydrazinc  and  37.4  g  of  a-buiylacetoacetic  ester  was  heated  on  a  water  bath  for  40  min.  The 
resulting  oil  was  dissolved  in  20  ml  of  ether  and  allowed  to  stand  overnight  in  the  cold.  The  crystals  deposited 
were  recrystallizcd  from  ether.  Yield  23.5  g  (dO^o),  m.  p.  82-83*. 

Founder  N  10.82,  11.11.  Calc,  for  CigHgaONj;  Calculated  N  10.84. 

l-(B-Phcnylethyl)-3-phcnylpyrazol-5-onc  (VIII,  R=R"  =  CgH5,  R'=H).  A  13.6  g  sample  of  fl-phenyl- 
hydrazine  was  mixed  slowly  with  19.2  g  of  bcnzoylacetic  ester,  using  water  cooling.  The  mixture  was  heated  on 
a  water  bath  for  1  hr,  treated  with  the  minimum  quantity  of  alcohol  required  to  dissolve  the  deposit,  and  cooled 
m  give  white  crystals  which  were  recrystallizcd  from  alcohol.  Yield  21.9  g  (83^0),  m.  p,  144-145*  [10], 

Synthesis  of  B -(dimcthoxyphcuyl)cthyl  alcohols  (II  and  III).  A  liter  flask  was  fitted  with  a  stirrer,  a  drop¬ 
ping  funnel,  and  a  reflux  condenser,  and  charged  with  50  ml  of  anhydrous  ether  and  15  g  of  lithium,  A  solution 
of  90  g  of  freshly  distilled  butyl  chloride  in  150  ml  of  anhydrous  ether  was  then  added  gradtially,  with  continuous 
*»irring,  at  such  a  rate  tliat  the  reaction  was  not  interrupted  and  the  ether  boiled  gently.  When  most  of  the  lithium 
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had  dissolved  and  tlic  reaction  bcR.m  to  slow  down  appreciably,  the  flask  was  heated  for  1-2  hr  until  no  ap- 
prcctaldc  amount  of  unrcactcd  lithium  remained.  The  llO.r)  y  of  freshly  distilled  vcratrolc  in  <100  ml  of  anhydrous 
ether  was  added,  drop  by  drop,  from  the  dropping  funnel  over  a  period  of  1.5  hr.  Stirring  was  continued  for  au- 
othcr  hour,  and  the  mixture  was  allowed  to  stand  overnight.  The  flask  was  then  cooled  in  ice  and  salt,  70  g  of 
ethylene  oxide  was  admitted  over  a  4  hr  period  with  constant  stirring,  and  the  mixture  was  a-llowed  to  stand  over¬ 
night.  The  product  was  then  treated  cautiously  with  2  liters  of  iced  water,  and  the  upper  organic  layer  was  sepa¬ 
rated.  The  aqueous  layer  was  extracted  with  ether,  the  extracts  were  combined  with  the  organic  layer,  and  this 
mixtitrc  was  dried  over  sodium  sulfate.  The  ether  was  distilled  off  on  a  water  hath,  and  the  residue  was  distilled 
in  vacuo.  The  mixture  of  isomeric  alcohols,  which  distilled  between  150  and  170*  (7  mm),  was  fractionated 
under  rcduccdprcssuretogivc  two  fractions. 

First  6 -(2,3-dimcthoxyplicnyl)cthyl  alcohol,  yield  G8.4  g  (47‘7o). 

B.  p,  151-152*  (7  mm);  n^  1.5340;  df  1.1284;  50.09,  calc,  for  C10H14O3PJ  49.59. 

p-Niirobcozoate,  m.  p.  110 -111*  (from  benzene).*  .. 

Second  fl-(2,3-dimcthoxyphcnyl)cthyl  alcohol,  yield  24.4  g 

B.  p.  16G  -  1G8*  (7  mm);  n^  1.5378;  df  1.1403;  MR^  49.97,  calc,  for  CioHi403F3  49.59.  *  * 

U-(2,3-DimethoxyphcnyI)cthyl  chloride  (IV).  A  54 .G  g  quantity  of  S -(2,3-dimcthoxyp!ieny)ethyl  alcohol 
was  added,  with  stirring,  to  G0.7  g  of  thionyl  chloride  over  a  period  of  1.5  hr,  at  room  temperature.  The  excess 
of  thionyl  chloride  was  distilled  off  from  a  water  bath,  and  the  residue  w'as  distilled  in  vacuo.  The  distillate 
W{is  washed  with  potash  solution,  dried  over  calcium  chloride,  and  redistilled  in  vacuo.  Yield  50.1  g  (82<yo). 

B.  p.  128-130*  (7  mm);  n|^  1.5331;  d^°  1.1501;  MR^  53.22,  calc,  for  C10H13O2CIF3  52.93. 

B -(3,4-Dimcthoxyphenyl)cthyl  chloride  (V),  This  was  prepared  in  a  similar  way  from  18.2  g  of  ft-(3,4- 
dimcihoxyphcnyl)cthyl  alcoliol  and  22  g  of  thionyl  chloride.  Yield  16,2  g  (Sl^o). 

B.  p.  141-143*  (7  mm);  n^  1.5311;  d^°  1.1627;  MR^  53.40,  calc,  for  C10H13O2CIF3  52.93. 

0 -(2,3-Dimcthoxyphcnyl)cihylhydrazinc  (VI).  A  130  g  quantity  of  9o^o  hydrazine  hydrate  was  heated  to 
90*  and  stirred  vigorously  while  50.2  g  of  5 -(2,3-din)ethoxyphenyl)ethyl  chloride  was  added  over  a  period  of 
3  hr.  Heating  and  stirring  were  continued  for  another  2  hr.  The  product  was  cooled  to  room  temperature  and  ex¬ 
tracted  with  ether  in  a  liquid  extractor.  The  ethereal  extract  was  dried  over  caustic  potash,  the  ether  was  distilled 
off,  and  the  residue  was  distilled  in  vacuo.  Yield  35.3  g  (72^0). 

B.  p.  168-170*  (7  mm);  n^  1.5590;  df  1.1300;  MR^^  56.07,  calc.  55.63. 

Hydrochloride;  m.  p.  118  -119*  (from  alcohol). 

Found ‘7^  C  52.21,  52.26;  H  7.57,  7.68.  Calc,  for  CjoHivOzHjCl;  Calculated  t/o:  C  51.61;  H  7.36. 

0-(3,4-Dimethoxyphenyl)cthylhydrazine  (VII).  This  was  prepared  in  a  similar  way  from  10.1  g  of  8-(3,4- 
dimethoxyplienyI)ctliyl  chloride  and  26  g  of  hydrazine  hydrate.  Yield  6.4  g  (657o). 

B.  p.  177-179*  (10  mm);  n^  1.5459;  dj”  1.1258;  MR^  55.19,  calc.  55.63. 

Hydrochloride:  m.  p.  114 -115*  (from  alcohol). 

Found  C  51.76,  51.61;  H  7.16,  7.48.  Calc,  for  CioHjvOjNzCl;  Calculated  ^0:  C  51.61;  H  7.36. 

l-[g-(2,3-Dimcthoxyphenyl)cthyI]-3-mcthylpyrazoI-5-one  (VlII,  R=CH3,  R'=H,  R*  =  2,3-C6H3((X:H,)2). 

A  19.6  g  quantity  of  B -(2,3-dimcihoxyphcuyI)cthylhydrazinc  was  slowly  mixed  with  13.0  g  of  acctoacetic  ester, 
using  water  cooling.  The  mixture  was  heated  on  a  water  bath  for  40  min,  treated  with  50  ml  of  alcohol,  and 
cooled.  The  crystals  deposited  were  separated.  Yield  22.8  g  m.  p.  154-155*  (from  alcohol);  Xmax 

247  m/j,  log  e  3.620  (in  methanol). 

Found  7o:  C  64.10,  64.13;  H  7.03,  7.19.  Calc,  for  Ci4H,g03N2:  Calculated  "/o:  C  64.11;  H  6.92. 


•Liicrature  data  [7]:  b.  p.  125-128*  (2  mm);  p-nitrobenzoate  m.  p.  111-112*. 
•  •Literature  data  [5]:  b.  p.  166 -168*  (7  mm);  nJJ  1.5409;  dj®  1.1426. 
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l-ffl  -(n,'l  -I)itiicthoxypIiciiyI)ctliyl]-3-mctliyIpyrnzol-5-onc  (VIII,  R=  CMj,  R'=  11,  R"  =  3,4 -C(;1 13(0(^13)2). 

This  was  obtained  in  a  similar  way  from  2.0  g  of  0 -(3,4 -dimctho.\yphcnyI)ctliyIliydrazinc  and  1,3  g  of  accio- 
acetic  ester.  Yield  2.1  g-(Rl'5o)l  P»  05- 9C’  (from  alcoliol). 

round  %:  C  C4 .14,  G4.33;  H  6.06,  7.02.  Calc,  for  CitHioOjNj:  Calculated ‘7^;  C  64.11;  M  6.02. 

The  reaction  of  1 -(0 -phcnylcthyl)-3-mcihylpyrazol -5-onc  witli  phosphorus  oxychloride.  A  spherical  flask, 
fitted  witli  a  reflux  condenser  and  a  calcium  cliloridc  tube,  was  cliargcd  with  20.2  g  of  l-(0 -phcnyIcihyI)-3- 
mcthylpyra7,oI-5-one  and  60  g  of  pliosphorns  oxychloride.  Tlie  mixture  was  heated  to  boiling,  whereupon  hydro¬ 
gen  chloride  was  evolved  and  the  mixture  gradually  acquired  a  violet -red  color.  Heating  was  continued  for  10 
hr.  The  excess  of  phosphorus  oxychloride  was  distilled  off  from  a  water  bath  under  reduced  pressure,  and  the  re¬ 
sidue  was  heated  with  1  :  1  hydrochloric  acid.  Tlic  acid  extract  was  filtered  and  treated  with  caustic  potash  so¬ 
lution  till  alkaline.  The  oil  liberated  was  extracted  with  ether,  the  extract  was  dried  over  calcium  chloride,  the 
ether  was  distilled  off  from  a  water  bath,  and  the  residue  was  redistilled  in  vacuo.  The  yield  was  12.2  g  {5S^o) 
of  l-(0 -phenylo;!iyl)-3-methyl-5-chloropyrazole;  this  had  the  following  constants  after  a  second  distillation. 

B.  p.  147.5- 143*  (7  mm);  n|^  1.5462;  d^®  1.1228;  62.22,  calc.  62.46;  Xmax  ^52  and  253  mp,  log  6 

2.217  and  2.267  (in  methanol). 

Found  ‘7o:  C  •:5.71,  65.88;  H  6.11,  6.04;  N  12.85,  13.01;  mol.  wt.  202.0,  202.1.  Calc,  for  Ci2Hi3N2Cl: 
Calculated  ‘7o;  C  65.30;  H  5.94;  N  12.69;  mol.  wt.  220.7. 

This  substance  was  a  colorless  liquid,  readily  soluble  in  ether,  alcohol,  methanol,  and  other  organic  solvents, 
insoluble  in  water,  but  soluble  in  hydrochloric  acid,  ^ 

The  reaction  of  1-f 0 -(2,3-dimcthoxyphcnyl)cthyI]-3-mcthylpyrazol-5-onc  with  phosphorus  oxychloride. 

A  mixture  of  5.3  g  of  l-[0 -(2,3-dimcthoxyplienyl)ethyl]-3-methyIpyrazoI-5-one  and  30  g  of  phosphorus  oxy¬ 
chloride  was  boiled  for  40  hr  under  a  reflux  condenser  fitted  with  a  calcium  chloride  tube.  The  excess  of  phos- 
pliorus  oxychloride  was  then  distilled  off  from  a  water  bath  under  reduced  pressure,  and  the  residue  was  heated  with 
1  :  1  hydrochloric  acid.  The  acid  extract  was  filtered  and  treated  with  dilute  caustic  soda  solution  till  alkaline. 
The  oil  liberated  was  extracted  with  ether,  the  extract  was  dried  over  calcium  chloride,  the  ether  was  distilled 
off,  and  the  residue  was  distilled  in  vacuo.  The  product  was  1.05  g  (35'7o)  of  l-[3-(2,3-dimcthoxyphenyl)cthyIl- 
3-mcthyl-5-chloropyrazolc, 

B.  p.  194- 195*  (11  mm);  1.5450;  df  1.1877;  MR  74.72,  calc.  74.75;  X^^x  223  and  278  m/i ,  log  s 
4.13  and  3.06. 

Found  <7o:  C  59.59,  59.80;  H  6.19,  6.03.  Calc,  for  CnHi^OaNjCl:  Calculated ‘/o:  C  50.78;  H  6.09. 

The  action  of  pliosphorus  pentoxide  on  l-(3-phenylcthyl)-3-methylpyrazol-5-onc.  A  solution  of  4  g  of  1- 
(0 -phcnylethyl)-3-mcthylpyrazol-5-one  in  40  ml  of  dry  tetralin  was  boiled  with  20  g  of  phosphorus  pentoxide  for 
30  min.  Another  20  g  of  phosphorus  pentoxide  was  then  added,  and  boiling  was  continued  for  a  further  hour.  The 
tetralin  was  decanted  off,  the  sticky  residue  was  dissolved  in  water,  and  this  aqueous  solution  was  washed  with 
ether.  The  aqueous  layer  was  made  alkaline  to  yield  3.2  g  of  a  crystalline  material  of  m.  p.  136  -137*  (from 
benzene).  This  gave  no  m.  p.  depression  with  the  original  pyrazolone. 

Found  ‘7o:  C  70.65,  70.93;  H  6.98,  7.05;  N  13.87,  13.89.  Calc,  for  C12H14ON2:  Calculated  <^o:  C  71.24; 

H  6.99;  N  13.86. 

Similar  results  were  obtained  in  experiments  with  l-(0 -phcnylcthyl)-3-phenylpyrazol-5-one,  l-(3-phcnyI- 
cthyl)-4-butylpyrazol-5-(W,  l-(0 -pheoylcthyI)-3-methyl-4-niiropyrazol-5-one,  and  l-[3 -(2,3-dimethoxy- 
phenyl)  etliyl]-3-incthylpyrazol-5-onc.  In  all  eases  the  starting  material  was  rccoverd  unchanged,  and  there  was 
no  sign  of  any  cyclization  product. 

The  action  of  polyphosphoric  acid  on  1 -(3 -phcnyIcthyl)-3-mcthylpyrazol-5-one.  A  mixture  of  6.1  g  of 
l-(0-phcnyIethyl)-3-mcthylpyrazol-5-one  and  32  g  of  polyphosphoric  acid  was  heated  in  an  oil  bath  at  180- 
200*  for  6  lir.  The  mixture  was  then  poured  into  hot  water,  and  the  resulting  solution  was  made  alkaline  with 
caustic  potash  solution.  The  product  (5,5  g)  melted  at  136-137*  (from  benzene),  and  gave  no  m.  p.  depression 
with  the  product  from  the  previous  experiment. 
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SUMMARY 


1.  Syntheses  arc  described  for  6-phcnylcthyIhydrazlnc,  its  methoxy  substituted  derivatives,  and  a  number 
of  l-(fl-aryIethyl)pyra7ol-5-ones. 

2.  It  was  found  tliat  these  pyrazolones  did  not  nnderpo  a  c.yclization  reaction  of  the  Bischlcr-Napicralski 
type  in  the  presence  of  pliospliorns  oxychloride,  but  that  they  were  converted  into  chloropyrazolcs. 

No  cyclization  products  were  obtained  using  other  condensing  agents. 
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It  has  been  shown,  in  a  number  of  papers  [1-71  by  one  of  the  present  authors  and  his  collaborators  thatgem- 
inal  bis  -dioxoindany  1  compounds  (I)  readily  split  off  a  water  molecule  from  their  enol  forms  (II)  to  give  the  corresponding 
pyrans  (III),  and  these  react  with  ammonia  or  primary  amines  to  give  the  corresponding  dihydropyridincs  (IV), 
which  are  often  easily  oxidized  to  pyridines  (V).  It  has  been  shown  that  the  pyran  (III)  stage  can  be  bypassed  and 
the  dihydropyridinc  (IV)  obtained  directly  by  heating  the  geminal  bis-dioxoindanyl  compound  (I)  with  ammonium 
acetate  in  glacial  acetic  acid  [8],  or  more  simply  by  heating  the  corresponding  carbonyl  compound  v/ith  indan- 
dione  and  ammonium  acetate  [9].  When  the  carbonyl  compound  does  not  form  a  bis-dioxoindanyl  derivative, 
it  is  possible  to  obtain  the  dihydropyridine  (or  pyridine)  by  heating  the  corresponding  dioxoindanylidenemethane 
derivative  (IV)  with  ammonium  acetate  [101.  Thus,  a  general  method  has  been  developed  for  obtaining  complex 
heterocyclic  compounds -di(oxoindano)dihydropyridines- from  indan-l,3-diones,  carbonyl  compounds  and  am¬ 
monium  acetate. 


(VI  H  (IVl  (III) 


It  was  of  interest  to  apply  this  reaction  to  other  cyclic  fl -diketones,  firstly  to  cyclohexanc-l,3-diones.  It 
is  known,  for  example,  that  dimedon  (5,5-dimethyIcycIohexane-l,3-dione)  easily  condenses  with  aldehydes; 

1  molecule  of  aldehyde  condenses  with  2  molecules  of  cyclohexancdione,  and  the  bis-dimedonylmethanc  formed 
is  readily  converted  into  the  corresponding  xanthene  derivative.  The  latter  reacts  with  ammonia  or  an  amine 
to  give  a  reduced  acridine  derivative.  However,  there  is  not  much  literature  data  [11-13]  on  similar  reactions. 

An  example  is  the  preparation  in  poor  yield  of  3,3,G,6,-tctramethyl-l,2,3,‘l,5,G,7,8,9,10-decahydroacridine“ 

1,^  -dione  [12]  by  the  action  of  alcoholic  ammonia  on  tetramcthyldccahydroxanthcne,  or  of  urotropine  on  dimedon. 

We  have  investigated  the  reaction  with  ammonium  acetate  of  some  bis-dirncdonylmethanes  (VII),  namely 
the  condensation  products  of  dimedon  witli  formaldcliyde  (Vila),  benzaldchyde  (Vllb),  p-nitrobcnzaldchydc  (Vile), 
and  p-dimethylaminobenzaldehyde  (Vlld),  and  obtained  good  yields  of  the  corresponding  decahydroacridincs 
(vIII). 
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The  resulting  tetranieiliyldecahydroacridincdiones  (Villa -Vllld)  were  yellow  substances  of  high  melting 
point  (above  260*);  they  dissolved  in  alcoholic  alkali  with  a  deepening  of  color,  and  Villa  and  Vlllb  then  gave 
a  strong  green  fluorescence. 

A  1,4 -dihydropyridine  structure  has  been  assumed  in  the  literature  on  similar  decahydroacridinediones 
without  sufficient  evidence.  In  most  cases  it  has  not  even  been  proved  that  tliey  are  decahydroacridinediones, 
since  tlic  possibility  of  their  oxidation  to  octahydroacridinediones  (IXa  -IXd)  in  the  course  of  the  reaction  has 
not  been  excluded;  tlii  re  are  examples  of  this  in  the  literature  [9,  10]. 


In  order  to  establish  the  dihydropyridine  structures  of  our  products  Villa  to  Vllld,  the  infrared  spectra  of 
their  paraffin  mulls  were  recorded  between  3000  and  3500  cm'*  (NaCl  prism).  All  the  spectra  showed  one  or 
two  absorption  bands  which  were  obviously  attributable  to  valence  vibrations  of  the  N-H  bond  [14,  15]. 


Further  precise  identification  of  the  1,4-dihydro- 
pyridine  structure  and  investigation  of  other  regions  in  the 
spectra  of  these  decahydroacridinediones  will  be  pursued. 

There  is  some  information  in  the  literature  [16-17] 
on  the  oxidation  of  diliydropyridincs  to  pyridincs.  Dihydro- 
pyridincs  obtained  by  Hantzsch's  method  ate  particularly 
easily  oxidized.  VSrlander  [11]  found  that  nitrous  acid  was 
a  convenient  oxidizing  agent  for  oxidizing  decahydroacridinediones.  We  used  his  method  for  oxidizing  our  tetra- 
methyldccahydroacridinediones  (Villa -Vllld)  to  tetramethyloctahydroacridinedioncs  (LXa-IXd).  An  oily  sub¬ 
stance  was  formed  in  the  oxidation  of  Vllld  to  IXd,  and  this  seriously  interfered  with  the  isolation  of  IXd  in  the 
pure  state.  The  substance  IXd  was  formed  to  some  extent  during  the  preparation  of  Vllld,  showing  that  the  latter 
was  easily  oxidized  by  atmospheric  oxygen  (or  by  disproportionation). 

All  the  tctramethyloctahydroacridinediones  IXa  — IXd  were  while  or  pale  yellow.  Their  melting  points 
were  considerably  lower  than  those  of  the  corresponding  decahydroacridinediones  (Villa- Vllld),  and  their  so¬ 
lutions  in  alcoholic  alkali  showed  no  deepening  of  color.  The  infrared  spectra  of  their  paraffin  mulls  showed  that 
the  diliydropyridincs  had  been  oxidized  to  pyridincs.  Their  infrared  spectra  in  other  regions  will  be  investigated 
also. 

The  dioximes  were  prepared  in  order  to  characterize  these  tctramethyldccahydroacridincdiones  (VIII)  and 
their  oxidation  products  (IX).  It  was  found  tliat  oxidation  occurred  during  oxime  formation,  so  that  the  oximes 
obtained  from  the  decahydroacridinediones  were  thoseof  the  octahydroacridinediones.  Thus  identical  oximes, 
giving  no  melting  point  depression  on  mixing,  were  obtained  from  Villa  and  IXa,  and  the  same  was  true  for  the 
pairs  of  compounds  Vlllb  and  IXb,  and  Vllld  and  IXd.  However,  IXa,b,dformed  oximes  more  rapidly  and  easily 
than  Vllla.b.d. 


Substance 

^maxt  cm 

Villa 

3181,  3274 

Vlllb 

3158,  3221 

VIIIc 

3330 

Vllld 

3137 

-1 


EXPERIMENTAL 

3,3.6,6,-Tctramethvl-1.2,3,4,5,6.7,8,9,10-dccahydroacridine-l ,8-dione  (Villa),  a)  A  hot  solution  of  2  g 
of  bis-dimcdonylmcthane  (\'IIa)[18]  in  30  ml  of  glacial  acetic  acid  was  treated  with  2.5  g  of  ammonium  acetate 
(5-fold  excess).  The  solution  became  orange-yellow.  It  was  boiled  for  30  min  and  water  was  added  until  a  deposit 
appeared;  the  latter  rapidly  crystallized.  The  yield  was  1.1  g  (Gh%)  of  green-yellow  shining  crystals.  Their  m.  p. 
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W.1S  20G-297*  after  rccrystalllzation  from  dilute  ethanol  or  roctlianol,  A  solution  in  ctltanol  showed  a  strung 
blue  fluorescence,  and  solutions  in  concentrated  sulfurie  acid  and  in  sodium  nietliylatc  sliowcd  a  strong  green 
fluorescence.  The  product  was  insoluble  in  ether  or  benzene, 

found ‘y'o:  N  5.00.  Calc,  for  Cj7fi2302N:  Calculated  <7o;  N  5.12, 

b)  A  solution  of  4.1G  g  of  dimedon  and  0.5  g  of  paraformaldehyde  in  20  ml  of  glacial  acetic  acid  was 
trcatetl  with  11  g  of  ammonium  acetate,  added  a  little  at  a  time,  boiled  for  20  min,  and  subsequently  treated  as 
described  under  a).  Yield  2  g  (4I>7o);  m.  p.  296 ~ 297*. 

found  <70:  N  5.18.  Calc,  for  CiyHjjOjN:  Calculated  <7o:  N  5.12. 

3,8,G,G,-Tctramctliyl-l,2,3,4,5,6,7,8-octahydroacridinc-l,8-dionc  (IXa).  A  solution  of  1  g  of  Villa  in  50 
ml  of  1  :  i  hydrochloric  acid,  cooled  in  ice  water,  w'as  treated  with  sodiutii  nitrite  until  the  yellow  color  dis¬ 
appeared.  Tlie  IXa  formed  precipitated  in  addition  of  alkali.  M.  p.  146*  (from  ethanol  with  addition  of  petrole¬ 
um  etiicr). 

found  <70:  N  5.23.  Calc,  for  CiyH2i02N:  Calculated  '^oX  N  5.16. 

Pioximes.  A  mixture  of  1  g  of  Villa,  25  ml  of  pyridine,  and  0.5  g  of  hydroxylamine  hydrochloride  was 
boiled  for  1  lir  atid  then  poured  into  water  acidified  with  hydrochloric  acid.  The  yield  was  0.9  g  (80*70)  of  the 
dioxitiic  of  IXa,  in  the  form  of  white  crystals;  m.  p.  280* (decomp.)  (from  ethanol).  The  same  dioxime  was  ob¬ 
tained  in  similar  way  from  IXa.  A  mixture  of  the  two  products  sliowed  no  m.  p.  depression. 

found  N  14.20.  Calc,  for  C17H23O2N3:  Calculated ‘7o:  N  13.94, 

3,3,6.6-TctramcthyI-9-phcnyl-l,2,3,4,5,6,7,8,9,10-decahydroacridine-l,3-diotie  (Vlllb).  a)  A  solution 
of  5.8  g  of  bis-dimcdonylphcnylmethanc  (Vllb)  in  80  ml  of  glacial  acetic  acid  was  treated  with  6  g  of  ammonium 
acetate  (5-fold  excess),  added  a  little  at  a  time,  boiled  for  1  hr,  and  poured  into  water.  There  was  a  precipitate 
of  4  g  (74*7^)  of  yellow  crystals.  The  m.  p.  was  292’ (decomp.)  after  rccrysiallization  from  ethanol.  A  solution 
in  sodium  ethylate  showed  a  strong  green  fluorescence.  A  solution  in  concentrated  sulfuric  acid  was  yellow.  The 
material  was  soluble  in  glacial  acetic  acid,  but  tiot  in  ether  or  benzene. 

b)  A  solution  of  12  g  of  dimedon  and  6.6  ml  of  benzaldehyde  in  30  ml  of  glacial  acetic  acid  was  treated 
witli  8  g  of  ammoniitm  acetate,  added  a  little  at  a  rime,  boiled  for  1  hr,  and  subsequently  treated  as  under  a). 
Yield  11.2  g  (757o);  m.  p.  292’  (decomp.). 

found  <70;  N  4.33.  Calc,  for  C23H27O2N;  Calculated  <70:  N  4.01, 

Tetraacetate.  A  1.5  g  sample  of  Vlllb  was  dissolved,  by  heating  gently,  in  20  ml  of  acetic  anhydride.  The 
solution  was  cooled,  treated  with  10  drops  of  concentrated  sulfuric  acid,  and  allowed  to  stand  for  a  few  days  during 
which  a  precipitate  formed.  The  resulting  tetraacetate  was  easily  hydrolyzed  back  to  Vlllb,  even  by  boiling  with 
alcohol.  M.  p.  220*. 

found  <70:  N  2.56.  Calc,  for  C3iH3908N:  Calculated ‘7o*.  N  2.53. 

^,3,G,G-TctramcthyI-9-phenyl-l,2,3,4,5,6,7,8-octahydroacridinc-l,8-dione  (IXb).  A  solution  of  Vlllb  in 
a  mixture  of  acetic  acid  and  liydrochloric  acid  was  cooled  in  ice  water  and  treated  with  sodium  nitrite  until  the 
color  disappeared.  The  resulting  IXb  was  precipitated  by  addition  of  alkali.  White  crystals  of  m.  p.  218’  (from 
ethanol).  No  coloration  was  obtained  with  sodium  ethylate. 

found  o/o:  N  4.30.  Calc,  for  C23II25O2N:  Calculated  <70:  N  4.03, 

Pioximes.  A  mixture  of  3  g  of  Vlllb,  30  ml  of  pyridine,  and  1  g  of  hydroxylamine  hydrochloride  was  boiled 
for  4  hr  and  poured  into  water.  The  dioxime  of  IXb  was  precipitated  as  white  crystals;  in.  p.  250’  (decomp.) 

(from  water  +  dioxanc).  The  same  dioxime  was  obtained  in  a  similar  way  from  IXb.  A  mixture  of  the  two  products 
showed  no  m.  p.  depression. 

found  *70:  N  11.46.  Calc,  for  C23II27O2N3;  Calculated ‘7i>:  N  11.13, 

3,3,G,6-Tctramcthyl-9 -p-nitroplicnyl -l,2.3.4,5,6,7.8,9,10-dccahydro3cridinc-1.8-dioiic (VIIIc),  a)  A  so¬ 
lution  of  G.Gg  of  p-nitroplicuyl-bis-dimcdonylmcthanc  (VIIc)  in  10  ntl  of  glacial  acetic  acid  was  treated  with 
8  g  of  ammonium  acetate,  added  a  little  at  a  time,  and  the  resulting  brown-red  solution  was  boiled  for  30  min. 
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Yellow  crystals  were  deposited;  yield  4.1g  (GG‘7i>);  m,  p.  279-280*  (dccotnp.)  (from  ethanol),  A  solution  In  scdl- 
um  ethylate  was  orange  colored. 

round ‘-/o:  N7.30.  Calc,  for  C23H2GO4N2:  Calculated  t/o:  N  7.10. 

b)  A  solution  of  12  g  of  dimedon  and  G  g  of  p-nitrobcnzaldchydc  in  3G  ml  of  glacial  acetic  acid  was 
treated  wiilt  S  g  of  ammonium  acetate,  added  a  little  at  a  time,  and  boiled  for  30  min.  The  yield  was  11.7  g 
(C97o):  m.  p.  279-280*  (decomp.). 

Found  *7,.;  N  7.35,  Calc,  for  C23H2604f^V  Calculated ‘’/o:  I"  7.10. 

3,3,C.G-Tctramcthyl-9-p-tiitrophcnyl-l,2,3,4,5,G,7,8-octahydroacridine-l,8-dione  (IXc).  This  was  obtained 
in  a  similar  way  to  LXb.  White  crystals;  m.  p,  2^0-252’. 

Found  N  6.95,  Calc,  for  C23H24O4N2:  Calculated  <7o:  N  7.14. 

3.3.6 .6- TctramethyI-9-p-dimcthyIaminoplicnyI-l,2.3,4.5,6,7,8.9.10-decahy^1j;pacridiRe.-l,8-dione  (Vllld). 
a)  The  method  of  preparation  was  similar  to  a)for  VIIIc.  The  yield  from  2  g  of  p-dimcthylaminophenyl-bis- 
dimcdonylmethanc,  5  ml  of  glacial  acetic  acid,  and  1.6  g  of  ammonium  acetate  was  0.8  g  (42^p)  of  yellow  crys¬ 
tals  (from  dilute  acetic  acid),  of  m,  p.  293-294*  (decomp.).  A  solution  in  concentrated  sulfuric  acid  showed  a 
strong  green  fluorcscnce,  a  solution  in  sodium  ethylate  was  yellow  colored. 

Found  70:  N  7.26.  Calc,  for  C25H32O2N2:  Calculated  N  7.14. 

b)  The  method  of  preparation  was  similar  to  b)  for  VIIIc.  The  yield  from  6  g  of  dimedon  ,  3  g  of  p-di- 
mcthylaminobcnzaldehyde,  18  ml  of  glacial  acetic  acid,  aud  6  g  of  ammonium  acetate  was  4.7  g  (56'7o)  of  yel¬ 
low  crystals.  The  melting  point  was  293-294*  (decomp.)  after  crystallization  from  acetic  acid  or  ethanol. 

Found  «7o:  N  7.43,  Calc,  for  C25H32O2N2:  Calculated  N  7.14, 

Hydrochloride.  Some  Vllld  was  dissolved  in  concentrated  hydrochloric  acid  and  the  solution  evaporated. 
The  resulting  yellow  crystals  were  readily  soluble  in  water;  concentrated  solutions  were  yellow,  dilute  solutions 
showed  a  strong  blue  fluorescence.  The  salt  was  soluble  in  alcohol. 

Found  N  5.59;  MCI  14.75.  Calc,  for  C25H3202N2*2Ha;  Calculated ‘7o:  N  6.01;  HO  15.67. 

3.3.6.6- Tctramcthyl-9-p-dimcthyIaminophcnyl-l,2,3,4,5,6,7,8-octahydroacridine-l,S-dione  (UCd).  a) 

In  some  cases,  during  the  production  of  Vllld,  a  wiiiie  crystalline  material  was  obtained  on  ciiution  of  the  re¬ 
action  mixture  with  water.  M.  p,  147-148“  (from  ethanol).  This  dissolved  in  concentrated  sulfuric  acid  without 
any  coloration. 

Found  «7ci:  N  7.48.  Calc,  for  C25H3QO2N2:  Calculated  <70:  N  7.17. 

b)  A  sample  of  Vllld  was  dissolved  in  a  mixture  of  glacial  acetic  and  hydrochloric  acid  and  oxidized  with 
sodium  nitrite  as  described  above.  The  resulting  light  brown  precipitate  was  recrystallized  from  ethanol  or  dilute 
aqueous  acetone  to  give  yellow  crystals  of  m.  p.  145-146*.  A  similar  product  was  obtained  by  oxidation  with 
chromic  anhydride,  sodium  persulfate,  or  hydrogen  peroxide  in  glacial  acetic  acid.  These  products  showed  the 
same  infrared  spectrum  as  that  obtained  under  a). 

Found  <70:  N  6.8*6.  Calc,  for  C25H30O2N2:  Calculated  N  7.17. 

Di oximes.  The  same  dioxime  was  obtained,  by  the  procedure  described  above,  from  both  Vllld  and  IXd; 
this  was  in  fact  the  dioxime  of  IXd.  Recrystallization  from  ethanol  or  dilute  acetic  acid  gave  white  crystals  of 
m.  p.  297*. 

Found  N  13.78.  Calc,  for  C25H32O2N4:  Calculated ‘7o:  N  13.32. 

SUMMARY 

The  3,3,6,C-tctramcthyl-l,2,3,4,5,6,7,8,9, 10-decahydroacridinc-l,8-dioncs,  obtained  by  reaction  of  am¬ 
monium  acetate  with  bis-dimedonylmethane,  phcnyl-bis-dimedonylmcthane,  p-nitrophcnyl-bis-dimedonyl- 
meihane,  aud  p-dimethylaminopheuyl-bis-dimcdonylmethane  in  glacial  acetic  acid,  arc  easily  oxidized  to  the 
corresponding  l,2,3,4,5,G,7,8-octahydroacridinc-l,8-dioues,  Only  the  dioximes  of  ilic  octahydroacridinediones 
arc  obtained  by  reaction  with  hydroxylaminc  of  the  decahydro-  aud  ociahydro-acridinedioncs. 
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In  searching  for  methods  for  the  preparative  synthesis  of  alkyl-l-thiaindanes,  we  succeeded  in  obtaining 
a  good  yield  of  3-mcthyl-l-thiaindane  (Illb)  [1].  A  special  feature  of  the  method  was  the  two-stage  selective 
hydrogenation  of  thiaindcncsulfoncs  (I).  There  was,  therefore,  a  need  for  studying  the  possible  wider  use  of  selec¬ 
tive  hydrogenation  for  the  synthesis  of  various  alkyl-l-ihiaindanes. 

In  this  paper  we  describe  preparative  syntheses  of  1-methyl-l-thiaindane  (Ilia),  2-ethyl-l-thiaindane 
(IIIc),  and  3-eihyl-l-thiaindane  (Illd)  by  selective  hydrogenation  of  2-  and  3-alkylthiaindenesulfones. 


O2 


CIK 

I 

Mi  Y' 

CM. 

(11) 

(III) 

I’lt/C 

“TiT" 

O2 

(1) 

a>  u  =  cii„  u’  =  11;  bn  -  h.  U'  =  cii,:  c)  h  =  ii'  =  it ;  d)u  =  11,  ii'  =  c,h.. 


It  is  obvious  that  this  method  of  selective  hydrogenation  of  thiaindcnesulfoncs  could  also  be  used  for  pre¬ 
paring  alkyl-l-thiaindanes  with  alkyl  substituents  in  the  benzene  ring. 

2-Mc.thyl-l-tliiaindane  (2-methyl-2,3-dihydrothianaphihene)  (Ilia)  liad  not  been  prepared  before.  There 
is  a  literature  statement  [2]  that  a  fraction  of  b,  p.  103-108“  (8  mm)  and  n^  1,5811  was  isolated  from  the  pyroly¬ 
sis  products  of  allyl  phenyl  sulfide,  and,  with  very  little  justification,  this  was  assigned  the  structure  2-methyl- 1- 
thiaindane.  However,  we  have  shown  [3]  that  only  propcnyl  phenyl  sulfide  and  its  condensation  products  arc  ob¬ 
tained  by  pyrolysis  of  allyl  phenyl  sulfide,  and  it  is  probable  that  the  fraction  believed  to  be  Ilia  was  really  un¬ 
purified  propcnyl  phenyl  sulfide. 

We  obtained  2-methyl-l-thiaindanc  in  two  ways.  In  the  first  method,  thiaindcnc  was  converted  via  its 
liiliium  derivative  to  2-mcthylthiaindcnc  and  then  to  the  sulfouc  (Ja),  This  was  then  selectively  reduced  in  two 
stages,  over  palladium  on  charcoal  to  Ila  and  with  lithium  aluminum  hydride  to  Ilia.  In  the  second  method, 
thiaindcnc  was  first  oxidized  to  thiaindcnesulfonc,  and  this  was  selectively  reduced  to  1-thiaindancsulfonc,  which 
was  converted  to  lla  by  transmctallization  [4]  with  cthylmagncsium  bromide  and  subsequent  treatment  with  methyl 
iodide.  The  two  samples  of  lla  were  identical.  Conversion  of  lla  to  Ilia  was  achieved,  as  before,  with  lithium 
aluminum  hydride. 

Both  syntheses  and  the  yields  of  different  stages  are  shown  on  the  following  page. 
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It  was  found  that  the  yields  of  2-alkylthiaindencs  obtained  by  the  alkylation  of  2-lithinmtlilaindene5 
with  dialkyl  snlfr.tcs  were  considerably  higher  than  thr^se  obtained  by  alkylation  with  alkyl  halides  or  with  p- 
tolucncsnlfonates. 

2- EthyI-l-thiaindanc  (IIIc)  was  prepared  in  the  same  way  as  Ilia,  This  substance  has  been  obtained  previ¬ 
ously  [5J  in  16"/%  yield  by  pyrolysis  of  S-crotyltliiosalicylic  acid,  and  by  a  different  synthesis.  However,  neither 
of  the  products  described  were  pure:  tlie  pyrolysis  product  had  njj  1.5714  and  the  product  from  reduction  of  2- 
ethyl-3-hydroxytiiiaindcne  had  n|j  1.5840  (in  the  latter  case  2-ethylthiaindenc  was  a  probable  impurity). 

We  synthesized  the  previously  undescribed  2-cthyIthiaindene  by  metallization  of  thiaindene  with  n-butyl- 
lithinm  and  subsequent  alkylation  with  diethyl  sulfate.  The  product  was  oxidized  to  2-ethylthiaindencsulfone 
(Ic),  which  was  then  selectively  reduced  in  stages  to  2-ethyl-l-thiaindane  (IIIc), 

3- Et!iyI-l-thiaindane  (llld)  has  not  been  described  before,  and  a  previous  attempt  to  syntliesize  it  was 
unsuccessful  [5].  3-KfhyIthiaindenesulfonc  (Id)  was  obtained  by  the  method  previously  described  [1]  for  3-methyl- 
thiaindcnesulfonc  (II)).  Propiouyl  bromide  was  converted  via  diazomethyl  ethyl  ketone  [6]  to  bromomethyl  ethyl 
ketone;  this  was  condensed  with  sodiunt  thioplienolate  to  give  the  previously  unknown  l-phenylthiobutane-2-one, 
and  this  was  cyclized  by  phosphorus  pentoxide  to  give  3-ethylthiaindene.  The  latter  was  the  oxidized  to  Id,  and 
reduced  in  stages  to  Ild  and  Illd, 

This  method  of  synthesis  excluded  the  possibility  of  obtaining  an  isomer  of  Illd  with  the  substituent  in  ilte 
2  position.  The  structure  of  Illd  was  further  confirmed  by  hydrodesulfurization  over  Raney  nickel  to  sec-butyl- 
benzene,  in  almost  quantitative  yield, 

3-Ethyl-l-thiaindancsulfonc  (lid)  has  been  described  before  [5],  However,  on  the  basis  of  [7],  it  must  have 
contained  as  impurity  a  significant  amount  of  isomer  with  the  substituent  in  the  2  position.  Actually,  the  sam¬ 
ples  of  3-cthyIthiaindcncsulfone  and  3-ethyl-l-thiaindanesulfone  described  in  [5J  melted  at  130-131*  and  37.5- 
38*  respectively,  whereas  our  products  melted  at  considerably  higher  temperatures,  namely  150*  and  75-76* 
respectively.  A  mixture  of  equal  quantities  of  2-cthyl-  and  3-cthyl-l-thiaindancsulfones  melted  at  33-42*, 
and  a  70:30  mixture  of  3-ethyI-  and  2-ethyI-isomers  melted  at  40-46*.  Hence  the  3-ethyl-l-thiaindancsuIfone 
described  in  [5]  must  have  contained  not  less  than  257o  of  the  2‘etliyl-isomer, 

EX  PERIMENTAL 

Synthesis  of  2-mcthyl-l-thiaindane  (Ilia).  Thiaindene  (0.18  mole)  was  metallized  with  butyllithium  [8], 
An  ethereal  solution  of  the  2-lithiumthiaindcnc  was  treated  with  a  solution  of  0.18  mole  of  dimethyl  sulfate  in 
100  ml  of  ether,  stirred  for  1  hr,  and  boiled  for  0.5  hr.  The  ether  was  distilled  off,  and  the  residue  was  treated 
with  sodium  ethylate  in  alcohol  (from  0.1  g-at  of  sodium  and  120  ml  of  alcohol)  and  boiled  for  0.5  hr.  The 
mixture  was  treated  with  water  and  the  ether  layer  separated.  The  ether  extract  was  dried,  the  ether  was  distilled 
off,  and  the  residue  was  distilled  in  vacuo  to  give  2-mcthyItliiaindcnc.  The  yield  was  9l7o;  b.  p.  92-93*  (5  mm); 
m.  p.  51-52*'*  (lit.  51.5-52*  [8]).  The  2-mcthylthiaindcne  (0.14  mole)  in  glacial  acetic  acid  was  oxidized 
wiih  2007)  excess  of  277o  H2O2  for  1  hr  at  100*.  The  product  was  a  757o  yield  of  2*methyIthiaindcnesulfone  (la), 
of  m.  p.  109-110*. 

•Melting  points  and  boiling  points  were  uncorrccted  for  emergent  stem. 
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Pound  *70:  C  50.89;  H  d.-ld;  S  17.47.  Calc,  for  CgHgOjS:  Calculated  *7.:  C  60.00;  H  4.44;  S  17.77. 

la  (0.055  mole)  was  dissolved  in  700  ml  of  alcoliol  and  liydrogcnaicd  in  the  presejice  of  3  g  of  palladi¬ 
um  on  carbon,  with  an  initial  hydrogen  pressure  ofbO  attii,  for  10  hr.  Most  of  the  alcohol  was  tlien  distilled  off, 
the  residue  was  diluted  with  water,  whereupon  2-methyl-l-thiaindancsulfone  (lla)  precipitated.  The  yield  was 
91/7.;  m.  p.  115-115.5*  (from  alcohol). 

Pound  C  59.33;  H5.53;  S  17.C7;  mol.  wt.  182.  Calc,  for  C9H10O2S:  Calculated  ‘7-:  C  59.34;  H  5.49; 

S  17.58;  mol.  wt.  182. 

Ila  (0.15  mole)  was  dissolved  in  benzene  and  treated  with  an  ethereal  solution  of  0.23  mole  of  lithium 
aluminum  hydride,  so  that  the  mixtiuc  boiled  gently.  The  mixture  was  then  stirred  for  2  hr,  diluted  with  water, 
and  distilled  in  steam,  and  the  distillate  was  extracted  with  ether.  Tlie  ether  extract  was  dried  over  magnesium 
sulfate,  the  ether  was  distilled  off,  and  2-mcthyl-l-thiaindauc  (Ilia)  was  obtained  by  distillation  in  vacuo.  The 
yield  was  817.;  b.  p.  118-120*  (21  mm);  ng'^  1.5905, 

7  he  Ilia  was  purified  by  heating  it  with  alcoholic  mercuric  chloride  to  form  a'l^mplcx;  yield  807';  m.  p. 

115 -lie*.  The  complex  was  decomposed  with  157>  hydrochloric  acid,  aud  the  resulting  mixture  was  steam 
distilled  to  give  a  457j  yield  of  purified  Ilia. 

B.  p.  123*  (24.5  mm);  n^  1.5922;  df  1.0859;  MR^  46.76,  calc.  45.94. 

Pound  C  72.01;  H  6.70;  S  21.08;  mol.  wt.  149.8.  Calc,  for  CglljgS:  Calculated  7^:  C  72.00;  H  6.66; 

S  21.33;  mol.  wt.  150. 

A  second  purification  of  Ilia  via  the  complex  produced  no  further  change  in  physical  properties. 

Oxidation  of  Ilia  v/ith  hydrogen  peroxide  (1  hr  at  100“)  gave  the  sulfone  lla;  yield  707-';  p.  115-116* 

(from  alcohol).  This  product  gave  no  melting  point  depression  when  mixed  with  a  sample  of  Ila  made  from  la. 

Second  syntliesis  of  2-methyl-l-thiaindancsulfonc  (Ila).  Thiaindenc  was  oxidized  \%'ith  H2O2  to  give  a 
757o  yield  of  thiaindcncsulfone;  m.  p.  141-142.5*  (from  alcohol)  (lit.  m,  p.  142- 143*  [9]). 

Thiaindcnesulfonc  (0.42  mole)  in  alcohol  was  hydrogenated  for  4.5  lir  in  the  presence  of  3.5  g  of  57o  palladi¬ 
um  on  carbon,  at  an  initial  hydrogen  prcssiL-e  cf20  atm.  The  yield  was  977o  cf  1-thiaindanesulfone;  m.  p.  90-91* 
(from  alcoliol)  (lit.  rn.  p.  91  -  92*  [4]). 

An  ethereal  solution  of  ethylmagnesium  bromide  (from  0.037  g-at  of  magnesium  and  0.037  mole  of  ethyl 
bromide  in  50  ml  of  ether)  v/as  treated  with  0.03  mole  of  1-ihiaindanesuIfone  in  100  ml  of  benzene,  boiled  for 
5  min,  and  treated  with  0.045  mole  of  methyl  iodide.  The  mixture  was  boiled  for  4  hr  and  then  treated  with 
water  and  extracted  with  benzene.  The  benzene-ether  extract  was  dried  over  ignited  magnesium  sulfate,  the 
solvent  was  distilled  off,  and  the  residue  was  twice  rccrystallized  from  alcohol.  The  yield  of  lla  was  497’;  ni.  p. 
114  -115*.  This  product  gave  no  melting  point  depression  w’hcn  mixed  with  a  sample  of  Ila  obtained  by  hydro¬ 
genating  la. 

Synthesis  of  2-cthyl-l-thiaindane  (IIIc).  An  ethereal  solution  of  2-lithiumthiaindene,  obtained  from  0.05 
mole  of  thiaindenc  as  described  above,  v/as  treated  with  0.075  mole  of  diethyl  sulfate  in  50  ml  of  ether.  The 
mixture  was  boiled  for  10  hr,  and  then  treated  as  in  the  synthesis  of  2-mcthylthiaindcuc.  The  yield  of  2-cthyl- 
thiaindeuc  was  817'. 

B.  p.  95-96*  (1;5  mm);  n|^  1.6063;  d^®  1.0870;  MR^  51.41,  calc,  50.18. 

Pound  7a:  C  73.93;  H  6.31;  S  19.72.  Calc,  for  CjoHigS:  Calculated  7o:  C  74.07;  H  6.17;  S  19.75. 

Tlie  2-ctliylthiaindene  was  oxidized  in  the  same  way  as  2-methyIthiaindcne  to  give  a  777o  yield  of  2- 
cthylthiaindencsulfonc  (Ic);  m.  p.  86.5-87.5°  (from  alcoltol). 

Pound  7o;  C  61.86;  H  5.14;  S  16.31.  Calc,  for  C10M10O2S;  Calculated  7^:  C  61.86;  H  5.16;  S  16.49, 

Ic  (0.02  mole)  was  dissolved  in  300  ml  of  alcoliol  and  hydrogenated  for  10  hr,  in  the  presence  of  2  g  of 
57o  palladium  on  carbon,  at  20*,  at  an  initial  hydrogen  pressure  of  50  atm.  Tlie  catalyst  was  removed,  the  bulk 
of  the  alcohol  was  distilled  off,  and  the  residue  was  diluted  with  water,  whereupon  2-cthyIthiaindaue.suIfone  (He) 
precipitated.  The  yield  was  977;  m.  p.  76-77“  (from  alcohol)  (lit.  m.  p.  71-73*  [5]). 

Pound  7o:  C  61.30;  H  6.11;  S  16.03.  Calc,  for  C10H12O2S:  Calculated  7^:  C  61.22;  il  6.12;  S  16.32. 
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UnpiirinccJ  lie  (0.07  rnolc)  was  dissolved  in  200  ml  of  a  mixture  of  ether  and  benzene  (1  ;  1)  and  treated 
with  a  solution  of  0.11  mole  of  litliitim  aluminum  hydride  in  ICO  ml  of  etlicr,  added  at  such  a  rate  that  the  mix¬ 
ture  boiled  gently.  Stirriii);  was  then  continued  for  2  lir,  and  the  further  treatment  was  as  in  tlie  reduction  of  Ila, 
The  yield  of  2-cthyl-l-thiaindane  (IIIc)  was  80.1'7n;  b.  p.  138-141*  (2G  mm);  1.5790, 

A  mixture  of  O.OGl  mole  of  IIIc  and  0.305  mole  of  mercuric  chloride  in  245  ml  of  alcohol  was  boiled  for 
half  an  hour  and  then  cooled  in  a  mixture  of  ice  and  salt;  the  complex  was  precipitated  in  78'7a  yield;  m,  p, 
79-80*.  The  complex  was  shaken  up  with  75  ml  of  isooctanc  at  20*,  and  filtered  off  under  suction.  It  was  then 
decomposed  with  an  excess  of  XTfJo  hydrochloric  acid,  and  the  mixture  was  steam  distilled.  The  distillate  was 
extracted  with  ether,  the  ether  extract  was  v/aslicd  with  bicarbonate  solution  and  with  water,  and  dried  over  ignited 
magnesium  sulfate,  and  the  ether  was  distilled  off.  Distillation  of  the  residue  in  vacuo  gave  purified  IIIc  in  bOPjo 
yield, 

B.p.  13G-137.2*  (25  mm),  100.5*  (4  mm);  n”  1.5790;  d^®  1.0628;  MR^  51.28,  calc.  50,65. 

Lit.  [5]:  b.  p.  69-72*  (0.7-0.8  mm);  1.5714;  b.  p.  130-133*  (14  mm);  n|J  1.5840. 

Found  'To:  C  73.31;  H  7.39;  S  19.40.  Calc,  for  CioHi2S:  Calculated  <70:  C  73.17;  H  7.32;  S  19.51. 

lie,  of  m.  p,  74-76*,  was  reformed  by  oxidation  of  IIIc  with  excess  of  H2O2  in  glacial  acetic  acid,  for  1  hr, 
at  100*.  The  product  gave  no  melting  point  depression  when  mixed  with  a  sample  of  lie, prepared  from  Ic, 

Synthesis  of  3-ethyI-l-thiaindane  (Illd).  A  cold  (0*)  solution  of  diazomethane  in  700  ml  of  ether,  obtained 
from  0.6  mole  of  nitrosomethylurea ,  was  treated  with  0.17  mole  of  propionyl  bromide  and  stirred  for  0.5  hr  at  0*. 
Dry  hydrogen  bromide  was  then  passed  through  for  6  hr  at  0“,  and  the  solution  was  stirred  for  0.5  hr  at  the  same 
temperature,  waslied  with  water  and  with  bicarbonate  solution,  treated  with  magnesium  oxide,  and  dried  over 
ignited  magnesium  sulfate.  The  solvent  was  distilled  off,  and  the  residue  was  distilled  from  magnesium  oxide 
to  give  a  34‘7o  yield  of  bromomcthyl  ethyl  ketone;  b.  p.  152-155*;  n^®  1.4656.  Lit.  [6];  yield  55'’/o;  b.  p.  154-155*; 
n|^®  1.4670. 

A  solution  of  0.26  mole  of  thiophenol  in  45  g  of  30%  caustic  soda  solution  was  treated  with  0.24  mole  of 
bromomctliyl  ethyl  ketone  at  20-25",  stirred  for  1  hr,  diluted  with  water,  and  extracted  with  ether.  Distillation 
of  the  extract  gave  a  73.7%  yield  of  l-phenylthiobutan-2-one. 

B.  p.  156 -157.5*  (21  mm);  m.  p.  32-33.5*  (from  alcohol). 

Found  %:  C  66.63;  H  6.56;  S  17.60.  Calc,  for  C10H12OS:  Calculated  %;  C  6.66;  H  6.66;  S  17.77. 

l-Phenyltliiohutan-2-onc  (0.03  mole)  was  heated  with  0.014  mole  of  P2O5  for  45  min  at  180-190*  (unlike 
phenyl  acetonyl  sulfide  [10],  there  was  only  partial  cyclization  at  lower  temperature).  The  cooled  mixture  was 
treated  with  water  and  extracted  with  ether,  and  the  etlier  extract  was  washed  with  20%  caustic  soda  solution  and 
with  water,  and  dried  over  ignited  magnesium  sulfate.  Distillation  gave  an  82%  yield  of  3-cthylthiaindenc. 

B.  p.  110-111*  (6  mm),  143*  (24  mm);  n^  1.6068;  dj®  1.1003;  50.83,  calc.  50.18. 

Lit.  [5];  b.  p.  130-131*  (10  mm);  n^  1.6028. 

Found  %:  C  74.27;  H  6.33;  S  19.44.^ Calc,  for  CjoHioS:  Calculated  %:  C  74.07;  H  6.17;  S  19.75. 

3-Ethylthiaindcnc  (0.043  mole)  was  oxidized  by  heating  with  100%  excess  of  30%  H2O2  in  acetic  acid,  for 
1  hr,  at  70*.  Dilution  witli  water  then  precipitated  a  78%  yield  of  3-cthylthiaindcncsulfonc  (Id);  m.  p.  150* 

(from  alcohol)  (lit.  [5]  m.  p.  130-131*), 

Found  %:  C  61.86;  H  5.08;  S  16.33.  Calc,  for  CjoIlioOjS:  Calculated  %;  C  61.85;  H  5.16;  S  16.49. 

Id  (0.044  mole)  was. dissolved  in  600  ml  of  alcohol  and  hydrogenated  over  4.5  g  of  5%  palladium  on  carbon, 
for  10  hr,  at  20,  witli  an  initial  hydrogen  pressure  of  50  atm.  The  product  was  filtered,  the  solvent  was  distilled 
off,  and  the  oily  residue  of  3-ethylthiaindaPcsulfonc  (lie)  crystallized  after  prolonged  cooling.  The  yield  was 
91%;  m.  p,  75-76’  (from  1: 1  aqueous  alcohol)  (lit.  [5]  m.  p.  37.5-38*), 

Found  %;  C  61.19;  H  6.21;  S  16.27.  Calc,  for  CioHi202S:  Calculated  %;  C  61.22;  H  6.12;  S  16.32. 

A  solution  of  0.04  mole  of  lid  in  100  ml  of  1  :  1  ether-benzene  mixture  was  treated  with  0.07  mole  of 
lithium  aluminum  hydride  dissolved  in  100  ml  of  ether,  at  such  a  rate  that  the  ether  boiled  gently.  The  mixture 
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was  stirred  for  2  lir  at  20*  and  then  treated  as  In  the  synthesis  of  IIIc,  The  yield  was  90%  of  3-cthyl-l-tIilaIndanc 
(Hid);  h.  p.  144-143*  (25  inm);  njj  1.5819. 

The  llld  v/as  purified  by  mixing  0.03G  mole  with  a  solution  of  0.19  mole  of  mercuric  chloride  In  152  ml 
of  alcohol  and  itoiling  for  0.5  lir.  An  67%  yield  of  complex  prccipii.itcd  on  coollne.;  ra.  p.  13-1-135*  (from  al¬ 
cohol).  Tills  was  extracted  with  50  ml  of  isoociane  at  room  temperature,  filtered  off,  and  decomposed  with  1  :  1 
hydrochloric  acid.  The  mixture  was  steam  distilled,  and  Illd  was  extracted  from  the  distillate  with  ether.  The 
yield  was  49^/o. 

B.  p.  138-138.5*  (25  mm);  nj®  1.5833;  d^®  1.073G;  MR^  51.^  f,  calc.  50.G5. 

Found  %:  C  73.18;  H  7.41;  S  19.38.  Calc,  for  CioHijS;  Calculated  %:  C  73.17;  H  7.32;  S  19.51. 

Illd  (0.001  mole)  was  oxidized  with  100%  excess  of  30%  H2O2  In  acetic  acid  by  heating  to  100*  for  45  min. 
The  product  v.'as  diluted  witli  water,  and  a  G0%  yield  of  Ild  precipitated  on  cooling;  m,  p.  75-7G",  This  gave  no 
melting  point  depression  when  mixed  with  a  sample  of  lid  produced  by  hydrogenating  Id, 

Illd  (0.01  mole)  in  50  ml  of  alcohol  was  boiled  for  10  hr  with  Raney  nickel  from  50  g  of  alloy.  The  mix¬ 
ture  was  then  diluted  with  50  ml  of  water  and  40  ml  of  alcohol  and  distilled  to  dr)’ucss,  and  the  residue  was 
treated  with  20  ml  of  water  and  30  ml  of  alcohol  and  again  distilled  to  dryness,  A  97%  yield  of  sec-butylbenzene 
was  determined  spcctrophotomctrically*  in  the  distillate, 

SUMMARY 

Preparative  methods  have  been  developed  for  the  synthesis  of  methyl-  and  ethyl-thiaindanes,  using  selec¬ 
tive  two-stage  hydrogenation  of  the  sulfoncs  of  the  corresponding  thiaindenes,  ^ 
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We  previously  [1]  investigated  the  interaction  of  5-haIogenofurfuroIs  v/ith  metallic  thiocyanates.  However, 
we  did  not  succeed  in  obtaining  5-thiocyanatofurfurol  in  the  pure  state,  because  furfurol  with  a  thiocyanato  group 
in  the  5  position  was  found  to  be  of  poor  stability. 

Assuming  tliat  5-thiocyanatofiuylnitroethylenc  (I)  would  be  more  stable,  we  investigated  the  possibility  of 
an  exchange  reaction  between  halogen  and  thiocyanate  by  the  interaction  of  5-halogenofuryInitroethylenes  with 
metallic  tliiocyanates  in  various  solvents.  The  successful  achievement  of  this  reaction  has  led  to  the  develop¬ 
ment  of  a  new  group  of  physiologically  active  substances,  namely  sulfur  derivatives  of  tj-nitrovinylfuraa. 


Wc  investigated  the  interaction  of  5-halogenofurylnitroethylenes  with  the  thiocyanates  of  potassium,  sodi¬ 
um,  silver,  mercury,  and  lead  in  various  solvcrrs.  It  v.’as  fciud  a?  in  the  case  of  5-halocenofurfurols,  replace¬ 
ment  of  brontinc  by  thiocyanate  only  took  place  in  the  presence  of  catalysts,  namely  salts  ol  copper  or  cobali. 
When  the  reaction  was  carried  out  in  anhydrous  neutral  solvents  (acetone,  methanol,  ethanol),  a  crystalline  product 
(I)  was  formed,  v.hich,  as  was  expected,  was  considerably  more  stable  than  5-thiocyanatofurfurol.  It  could  be 
rccrystallized  easily  from  petroleum  ether,  methanol,  ethanol,  and  other  neutral  solvents.  When  the  exchange 
reaction  was  carried  out  in  acetic  acid,  the  result  was"a  hydrolysis  product  of  I,  namely  2-(  6 -nitrovinyl)furan- 
5-ylthiocarboxylic  acid  (II).  II  was  also  readily  obtained  by  hydrolyzing  I  by  heating  in  an  acid  medium.  Not 
only  5-bromo-  and  5-iodo-  but  also  5-cliIorofurylnitroethylenc  reacted  with  KSCN  or  NaSCN  in  acetic  acid,  la 
the  presence  of  a  trace  of  Co(SCN)2,  to  give  II.  It  is  noteworthy  that  we  had  previously  been  unable  to  replace 
the  chlorine  in  5-chIoro  derivatives  of  furau  [2].  II  was  also  obtained  by  condensing  2-formyIfuran-5-ylthio- 
carboxylic  acid  (III)  with  nitromethane  in  the  presence  of  NaOH  and  methanol. 


The  new  compounds  were  investigated  as  bacteriocides.  Tests  showed  that  5-thiocyanatofuryInitroethyIene 
(I)  had  considerable  bacteriocidal  activity;  it  suppressed  microbial  growth  (anthrax  bacillus  and  staphylococcus) 
at  a  dilution  of  1  :  10  000, 


X-C^CH  = 


CHNO, 


^  00 


HOOC 


-S-O-CHO 


(Ml) 
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EXPEIUMENTA  L 


5-Tl)iocynnniofiirylnltrocthylcnc  (I),  a)  A  mixture  of  4  g  of  5-bromofiiryInitrocth.ni)c,  4  g  of  nnhydroiis 
KSCN,  Atid  a  few  crystals  of  cupric  thiocyanate  in  50  ml  of  anhydrotr.  acetone  was  licatcd  for  22  lir  on  a  water 
bath.  The  precipitated  KI5r  was  removed  at  intervals.  The  total  weight  of  this  precipitate  was  1.7  g  (77.97o). 

The  filtrate  was  diluted  with  water  and  allowed  to  stand  for  24  hr.  I'he  brown  precipitate  whicli  formed  on  standing 
was  rcerystalll/.ed  from  a  20  :  1  mixture  of  ether  and  benzene,  in  the  presence  of  charcoal.  The  yield  was  2.7  g 
of  yellow  liglit  crystals;  m.  p.  74.5*. 

Pound ‘7<,;  S  1G.25,  16.07;  N  13.89,  13.71.  Calc,  for  C^H^OjNoS:  Calculated  7c-:  S  16.34;  N  14.27. 

The  use  of  Co(SCN)2  as  catalyst  increased  the  yield  to  857o. 

b)  A  mixture  of  1  g  of  5-bromofurylnitrocthylenc,  1  g  of  NaSCN,  and  a  few  crystals  of  Co(SCN)2  in  20  ml 
of  anhydrous  methanol  was  heated  on  a  water  bath,  under  a  reflux  condenser,  for  10  hr.  The  precipitated  NaBr 
was  removed,  and  tlic  filtrate  was  diluted  with  water.  The  yellow  precipitate  of  unchanged  5-bromofurylniuo- 
ethylcnc  was  removed,  and  tlic  filtrate  was  allowed  to  stand  for  36  hr,  when  yellow  crystals  of  1  deposited.  The 
yield  was  0.8  g  (837o);  m.  p.  74*  (from  mixture  of  petroleum  ether  and  benzene).  The  yield  of  1  was  14°/o  when 
Cu(SCN)2  or  anhydrous  CUSO4  was  used  as  catalyst. 

2-(0-Nitrovinyl)furan-5-ylthiocarboxylic  acid  (II).  a)  A  mixture  of  4  g  of  5-bromofurylnitrocthylene, 

5  g  of  NaSCN,  and  50  ml  of  glacial  acetic  acid  was  heated  on  an  oil  bath  until  a  yellow  precipitate  (poly- 
thiocyanogen)  appeared;  a  few  crystals  of  Cu(SCN)2  or  Co(SCN)2  were  then  added,  and  the  mixture  was  boiled 
on  the  oil  bath  for  a  further  40  min.  The  hot  solution  was  filtered,  die  residue  was  washed  with  hot  acetic  acid, 
and  the  filtrate  was  pouted  into  warm  water.  The  crystalline  precipitate,  which  formed  on  cooling,  was  twice 
rccrystallizcd  from  acetic  acid  (in  the  presence  of  carbon)rm.  p.  147-148*.  The  yellow  crystalline  product 
was  readily  soluble  on  heating  in  acetic  acid,  methanol,  ethanol,  dioxane,  and  acetone.  It  showed  a  great  ten¬ 
dency  to  form  colloidal  solutions. 

Pound  0/0:  S  14.66,  14.57;  N  6.76,  6.58.  Calc,  for  C7H5O5NS:  Calculated  7,:  S  14.90;  N  6.51. 

The  same  product  was  obtained  starting  from  5-iodo*  and  5-chlorofuryInitroethylenes. 

b)  Tlic  condensation  of  2-formyIfuran-5-ylthiocarboxyIic  acid  (III)  with  nitromethane.  A  solution  of  0.3  g 
of  III  and  0.03  g  of  NaOM  in  10  ml  of  methanol  was  cooled  in  ice  and  salt  and  treated  with  a  mixture  of  0.04  g 
of  CH3NO2  and  0.003  g  of  NaOH  in  5  ml  of  water.  The  mixture  was  stirred  and  cooled  for  1  hr  until  a  homogene¬ 
ous  solution  was  obtained.  This  was  then  poured  into  3  ml  of  57)  hydrochloric  acid  to  give  a  dark  yellow  crystal¬ 
line  precipitate;  m.  p.  149-150*  (from  607)  alcohol).  This  gave  no  melting  point  depression  when  mixed  with 
a  sample  of  II. 


SUMMARY 

1,  It  has  been  shown  that  replacement  of  halogen  in  5-halogcnofurylnitrocthylcnes  (chlorine,  bromine, 
and  iodine)  by  interaction  with  the  thiocyanates  of  potassium  or  sodium  only  occurs  in  the  presence  of  such 
catalysts  as  cobalt  or  copper  salts.  The  products,  depending  on  the  solvent,  are  the  previously  undcscribed  5- 
thiocyanatofurylnitroethylcne  or  2-(  0 -nitrovinyI)furan-5-ylthiocarboxylic  acid. 

2,  The  latter  is  also  formed  by  condensation  of  nitromethane  with  2-formylfutan-5'yIthiocarboxylic  acid. 
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The  pyridinic  analog  of  indole-7-azaindole-was  first  isolated  from  the  lipidine  fraction  of  bituminous 
coal  tar  [1],  Liter  synthetic  investigations  in  the  7-azaindole  scries  led  to  preparation  of  analogs  of  some  bi¬ 
ologically  active  indole  derivatives:  7-azatryptophan,  7-azahetcroauxin,  etc.  [2]  7-Aza  analogs  of  indigoid 
dyes  were  synthesized  somewhat  earlier  [3],  Starting  compounds  for  all  these  syntheses  were  2-aminopyridines 
containing  carboxyl  or  alkyl  in  the  3  position  [2-4],  Hydrogenation  of  7-azaindolc  derivatives  has  been  des¬ 
cribed  [1,  5]  with  the  aim  of  preparing  derivatives  of  7-azaindolinc,  However  the  hydrogenation  of  7-azaindoIe 
over  nickel  and  copper-chromium  catalysts  only  goes  at  high  temperature  (200*)  and  pressures  above  100  atm, 
and  leads  to  low  yields  of  7-azaindolines,  lioxahydro  dciivativcs  ui  7-azaiuJoie  arc  I.i  ptcrence  cf 

platinum  catalyst. 

In  the  present  communication  we  describe  a  new  route  to  derivatives  of  7-azaindoIine  containing  sub¬ 
stituents  in  the  pyridine  ring. 

In  a  study  of  transformations  of  3,4-disubstituted  2,6-dihalopyridines  we  established  that  reaction  of  tri- 
chlorocollidine  (I)  with  secondary  aliphatic  and  aliphatic-aromatic  amines  (II)  leads  to  formation  not  of  N- 
disubstituted  2,6-dichloro-3-(0 -aminoethyl)-4-methylpyridines  but  of  1-substitutcd  4-mcthyl-6-chloto-7- 
azaindolines  (III),  In  nearly  all  cases  2,6-dichloro-3-viayl-4-mcthylpyridine  (IV)  is  formed  at  the  same  time. 


CII3 

I 

r^^-CIIaCIIzCl 

I 

(1) 


(III)  II  (IV) 


n  =  cii,.  c.ii,.  c,iu; 

1C'  =  cii,.  c,n„  n.H,. 


Secondary  amines  used  in  this  reaction  were  dimcthylaminc,  dicthylamine,  dibutylaminc  and  N-methyl- 
aniline.  It  was  found  that  the  facility  with  wliich  the  reaction  proceeds  depends  on  the  nature  of  the  substituents 
at  the  nitrogen  of  the  secondary  amine.  Reaction  of  trichlorocollidine  with  dimethylanjine  starts  even  at  80* 
w'hcreas  the  same  reaction  with  dicthylamine  docs  not  go  at  below  120*,  and  that  with  N-mcthylaniline 
only  starts  at  above  140*.  In  general,  increase  in  chain  length  of  alkyl  radicals  at  the  nitrogen,  other  con¬ 
ditions  being  the  same,  lowers  the  yield  of  7-azaindolinc  derivative.  Results  of  experiments  on  study  of  the  in¬ 
fluence  of  nature  of  substituents  at  the  nitrogen  of  the  secondary  amine  and  of  the  rca  'ion  temperature  on  the 
process  in  question  arc  set  forth  in  the  table. 


I 

I 
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Secondary 
amine*  (U) 

BB 

Yield  (in  ‘7o) 

(  III)  1 

(IV) 

(I) 

Conr.NIICH:, 

mo® 

91 

- 

CollftNIICIlT 

140 

— 

— 

91.5 

(n-C^IInV.NIl  •* 

140 

17 

29 

43 

(CjlIsloNII 

140 

23 

54 

15 

120 

12 

35 

4.5..5 

(CsIlslsNlI 

100 

— 

— 

98 

(ClhlsNII 

140 

r)4.b 

13 

31 

(CI|.,),NH 

100 

32.4 

•  »  * 

(CIl3)2NII 

80 

5.5 

•  •• 

Formaiion  of  1-substitiucd  7-aznindolincs  by  reaction  of  irichlorocollidine  witli  secondary  amines  can  be 
considered  to  proceed  v/ith  replacement  of  one  halogen  atom  in  trichlorocollidine  by  the  residue  of  the  secondary 
amjnc  with  subsequent  cleavage  of  alkyl  halide  and  closure  of  the  pyrrolinc  ring.  If  a  cyclic  secondary  amine, 
such  as  piperidine,  is  used,  this  mechanism  enables  the  reaction  to  be  interrupted  at  the  first  step  since  detach¬ 
ment  of  alkyl  halide  from  the  tertiary  amine  formed  by  reaction  of  (I)  with  secondary  amine  is  excluded.  Study 
of  the  structure  of  the  resulting  compounds  can  reveal  whether  a  chlorine  atom  is  replaced  by  the  residue  of  the 
secondary  amine  in  the  pyridine  ring  or  in  the  6 -chlorocihyl  group  of  (I). 

Reaction  of  trichlorocollidine  with  piperidine  actually  gave  (apart  from  2,G-dichloro-3-vinyI-4-mct]iyl- 
pyridine)  only  products  of  substitution  of  one  and  two  chlorine  atoms  in  (I)  by  the  piperidine  residue.  Chlorine 
atoms  in  the  pyridine  nuclcrs  were  replaced  but  the  chlorine  of  the  6-chlorocthyl  group  was  not.  This  was 
confirmed  by  transformation  of  the  resulting  compounds  (V  and  VI)  into  the  corresponding  2,G-disub3tituted  3- 
vinyl-4-methylpyridincs  (VII  and  VIII)  on  treatment  with  alcoholic  sodium  hydroxide. 
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(VI) 
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/■ 

\- 
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(VII) 

(VIII) 

Certain  features  characterize  the  interaction  of  trichlorocollidine  with  diphenylamine.  In  this  case  the 
reaction  starts  at  a  terriperature  above  300*  and  leads  to  formation  of  only  2-diphenyIamino-3-vinyl-4-methyl 
6-chloropyridine  (IX),  evidently  due  to  the  difficulty  of  detachment  of  the  chlorobenzene  and  in  turn  of  closure 
of  the  pyrroline  ring.  Formation  of  a  vinyl  group  by  dehydrohalation  is  probably  a  secondary  process  which  pro¬ 
ceeds  at  liigh  temperature. 

CII3 


(1)  +NII 


V.cllr. 


r 


cii=r.ii.. 


cr  N 


/-N\ 


(IX) 


•In  all  experiments  2  moles  of  amine  (II)  were  taken  per  mole  of  trichlorocollidine  (I), 

••in  this  case  2-(n-dibutylamino)-3-(  0 -cliIorocthyI)-4-mcthyl-G-chIoropyridine  (XI)  was  also  isolated  in 
yield. 

•  •  •  Yields  of  (I)  and  (IV)  In  these  experiments  are  omitted. 
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On  tlic  b.isis  of  the  nbovc  cl.ita  we  ni.iy  conclude  .thnt  the  first  step  in  the  rc.iction  of  trIchlorocoHidine 
with  sccond.iry  amines  is  replacement  of  the  chlorine  atom  in  the  2  position  by  the  secondary  amine  residue. 

1  lie  mechanism  of  tlic  further  course  of  the  reaction  is  now  being  investigated  and  will  be  the  subject  of  the 
next  communication.  A  study  will  also  be  made  later  of  the  position  of  the  functional  groups  in  compounds  (V), 
(VII),  (IX)  and  (XI)  for  which  in  the  presenr  communication  we  postulate  the  formula  of  6-chIoro-substituted 
pyridincs  as  being  tlic  most  probable. 


Reaction  of  trichlorocollidinc  with  aniline  in  place  of  secondary  amines  led  to  formation  of  l-phcnyl-4- 
mcthyl-G -phcnylamino-7-azaindolinc  (X)  in  SS^^o  yield, 

CII3 

I  ‘ 


(I)  I  CCII5NII2 ->  I  I  I 

CellsNIl-l^  X  / 


N'  N' 


In  this  case,  just  as  in  the  previously  described  reaction  of  ethyl  2,6-dichloro-4-methylnicotinate  with 
hydrazine  hydrate  [6],  tlic  process  cannot  be  stopped  at  the  stage  of  replacement  of  only  one  chlorine  atom  in 
the  pyridine  nucleus.  Decrease  in  the  quantity  of  aniline  brought  into  reaction  leads  to  a  fall  in  the  yield  of  (X) 
and  to  an  increase  in  the  quantity  of  unreacted  trichlorocollidine, 

EX  PERIMENTAL 

Reaction  of  trichlorocollidine  with  dimethylamine.  A  mixture  of  4.5  g  of  trichlorocollidine  and  7,5  ml  of 
24.37o  solution  of  dimethylamine  in  chlorobenzene  was  heated  in  a  sealed  tube  at  140"  for  7  hr.  Crystals  of 
ditncthylaminc  hydrochloride  started  to  come  dov/n  from  the  reaction  mass  during  the  heating.  The  reaction 
mixture  was  treated  with  20  ml  of  water  and  extracted  with  ether.  The  ether -chlorobenzene  solution  was  ex¬ 
tracted  with  20  ml  of  15'7o  hydrochloric  acid  and  then  twice  with  water  (5  ml  each  time),  and  dried  with  potassl- 
tirn  carbonate.  The  organic  solvents  were  taken  off  in  vacuo,  and  the  residue  was  distilled  at  14  mm.  Two  frac¬ 
tions  were  collected;  1st,  b.  p.  140- 143®,  0.5  g;  2nd,  b.  p.  174- 177®,  1.4  g. 

The  first  fraction  was  a  colorless,  mobile  liquid,  readily  soluble  in  common  organic  solvents  and  insoluble 
in  water.  It  gave  a  positive  reaction  for  the  double  bond  with  potassium  permanganate  and  bromine  and  did  not 
form  a  hydrochloride,  picrate,  or  methiodide;  afj  1.5712.  The  C''^^pound  was  identified  as  2,6-dichloro-3- 
vinyl-4-methyIpyridine  (IV)  [7],  Yield  13^/o, 

The  second  fraction  crystallized  on  standing.  Colorless  crystals  with  m,  p,  69-70*.  Identified  as  tri¬ 
chlorocollidine  [8J.  No  melting  point  depression  in  a  mixed  test.  Yield  31%, 

The  hydrochloric  acid  solution  obtained  during  extraction  was  made  alkaline  to  plieuolphthaleiu  with  50% 
potassium  carbonate  solution  and  extracted  with  ether.  After  removal  of  the  ether,  the  residue  was  distilled  in 
vacuo  and  gave  2  g  (54.573)  of  l,4-dimetliyl-6-chIoro-7-azaindolinc  with  b.  p.  149-150*  (9  mm).  The  com¬ 

pound  crystallized  when  rubbed  with  a  rod.  Colorless  crystals  with  m,  p.  66*.  Readily  soluble  in  common 
organic  solvents,  insoluble  in  water. 

Found  %:  C  59.13,  59.36;  H  6.09,  6.13;  N  15.19;  Cl  19.50.  CgHuNjCI.  Calculated  %:  C  59.18;  H  6.02; 

N  15.34;  Cl  19.46. 

Hydrocliloridc.  Colorless  crystals  with  m.  p,  192-193*.  Readily  soluble  in  alcohols  and  chloroform, 
insoluble  in  ether,  benzene  and  acetone;  hydrolyzed  by  water. 

Found  %:  C  49.47,  49.60;  H  5.46,  5.54;  N  12.68;  Cl  32.51.  CjHuNjCDHCl.  Calculated  %\  C  49.31; 

H  5.48;  N  12.78;  Cl  32.42. 

Reaction  of  triclilorocollidinc  with  dicthylamine.  A  mixture  of  4.5  g  of  trichlorocollidine  and  3  g  of 
diethylaminc  was  heated  in  a  sealed  tube  at  140®  for  7  hr,  and  the  product  was  worked  up  as  above.  There 
was  obtained  2.05  g  (547>)  of  2,6-dichloro-3-vinyl-4-methyIpyridine,  0.6  g  (157>3)  of  trichlorocollidine,  and  0,9  g 
(237o)  of  1 -ethyl-4 -mcthyl-6-chIoro-7-azaindoIine, 
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Colorless,  oily  liquid,  easily  soluble  in  eommon  organic  solvents,  insoluble  in  water;  b.  p.  157-158* 

(7  mm),  1.5GG0. 

Found  C  61.37;  11  G.85;  N  14.0G,  13.96;  Q  18.25,  18.25.  Ciolli3N2Cl.  Calculated  %  C  G1.07;  H  6.G2; 

N  14.24;  Cl  18.06. 

Hydrochloride.  Colorless  crystals,  ni.  p.  136-137*  (from  acetone).  Readily  soluble  in  ether,  benzene 
and  acetone;  hydrolyzed  by  water. 

Found ‘’/o:  N  11.98,  11.89;  Cl’  15.34.  CioHijNjCl'HCl.  Calculated  N  12.01;  Cl’  15.24. 

Reaction  of  trichlorocollidinc  with  n-dibtitylaminc.  A  mixture  of  8.96  g  of  trichlorocollidine  and  9.68  g 
of  n-dibutylainine  was  heated  at  140“'  for  7  hr.  The  reaction  mass  was  treated  with  20  ml  of  water  and  ex¬ 
tracted  with  ether.  The  ethereal  solution  was  extracted  with  30  ml  of  15®/ii  hydrochloric  acid,  then  twice  with 
water  (10  ml  cacli  time),  and  dried  with  potassium  carbonate.  The  ctlier  was  driven  off  and  the  residue  distilled 
in  vacuo  to  give  the  following  fractions:  1st,  b.  p.  140-143*  (14  mm)-2,6*dichloro-3-vinyl-4-meihylpyridine; 

yield  2.25  g  (297o);  2nd,  b.  p.  174-177*  (14  mm)-irichlorocollidinc;  yield  S.O-^dSTo);  3rd,  b.  p.  175* 

(1  mm).  The  product  was  a  colorless  viscous,  oily  liquid,  readily  soluble  in  common  organic  solvents,  insoluble 
in  water;  soluble  in  concentrated  hydrochloric  acid  with  formation  of  a  hydrochloride  which  was  very  easily  hydro¬ 
lyzed  on  dilution  with  water.  Judging  by  the  analysis,  the  compound  appears  to  be  2-(u-dibutylamino)-3-(  6- 
chloroeiliyl)-4-mcthyl-6-chloropyridine.  Yield  0.8  g  (O'T’n). 

Found  <7^:  C  60.48,  60.83;  H  8.19,  8.47;  N  8.58,  8.87;  Q  22.55,  22.51.  C16H26N2CI2.  Calculated ‘/o:  C  60.56; 
H  8.20;  N  8.83;  Cl  22.40. 

The  hydrochloric  acid  solution  obtained  during  the  extraction  was  made  alkaline  to  fhcnolphthalcin  with 
50^0  potassium  carbonate  solution.  An  oil  separated  out  and  was  extraeted  with  ether.  After  the  ether  had  been 
drivenoff,  the  residue  was  distilled  in  vacuo  to  give  1.5  g  (17^70)  of  l-n-butyl-4-methyl-6-chloro-7-azaindoline. 

A  colorless  oil,  readily  soluble  in  common  organic  solvents,  poorly  soluble  in  water.  B.  p.  147-148*  (1  mm), 

nJJ  1.5507. 

Found  ^o;  C  64.12,  64.32;  H  7.79,  7.46;  N  12.45,  12.73;  Cl  15.67,  15.64.  CjaH^Nza.  Calculated  ojo:  C 
64.14;  H  7.57;  N  12.48;  Cl  15.81. 

Reaction  of  trichlorocollidine  with  N-mcthylaniline.  A  mixture  of  8.96  g  of  trichlorocollidine  and  8.56  g 
of  N-mcthylaniline  was  heated  at  190*  for  7  hr.  The  resulting  viscous,  glassy  mass  was  insoluble  in  ether. 

To  the  reaction  mass  was  added  20  ml  of  water,  and  extraction  was  effected  with  chloroform.  The  chloroform 
solution  was  dried  with  potassium  carbonate,  evaporated  in  vacuo,  and  distilled.  A  fraction  with  b.  p.  238-240* 

(5  mm)  was  collected.  Yield  of  l-phenyl-4-methyl-6-chloro-7-azaindoline  8.9  g  (917  ).  The  substance 
crystallized  on  standing.  Colorless  crystals  with  m.  p.  116.5-117  *  (from  benzene).  Readily  soluble  in  al¬ 
cohols,  chloroform  and  acetone,  poorly  in  benzene  and  ether,  insoluble  in  water  and  ligroiue. 

Found  ‘7o:  C  68.91;  H  5.24;  N  11.54,  11.62;  Cl  14.80,  14.85.  Ci.iHi3N2Cl.  Calculated  C  68.7^;  H  5.32; 

N  11.45;  Cl  14.52. 

l-Phcnyl-4-mdthyl-6-phcnylamino-7-azaindoline  (X).  1)  A  mixture  of  4.5  g  of  trichlorocollidine  and 
7,5  g  of  aniline  was  licatcd  at  190"  for  7  iir.  During  tlic  reaction  aniline  hydrocliloride  sublimed  (2.8  g  with 
m.  p.  197-198*  came  over)  [9].  The  reaction  mass  was  treated  with  50  ml  of  anhydrous  alcohol.  The  hydro¬ 
chloride  of  (X)  came  down  (5.15  g).  The  mother  liquor  was  evaporated  in  vacuo.  The  residue  (4  g)  was  treated 
with  30  ntl  of  anhydrous  chloroform.  The  precipitated  aniline  hydrochloride  (2.3  g,  m.  p.  197-198*  was 
filtered,  the  chloroform  was  distilled,  and  the  residue  triturated  with  10  ml  of  absolute  alcohol.  In  this  way  a 
further  0.8  g  of  hydrochloride  of  (X)  v/as  obtained.  Total  yield  5.95  g  (88.1'7o).  Light-yellow  crystals.  Readily 
soluble  in  chloroform,  insoluble  in  alcohol,  acetone,  ether,  benzene  and  water.  M.  p.  210  -211*. 

Found  C  71.40,  71.31;  H  5.97,  5.94;  N  12.25,  12.34;  Cl  10.56,  10.45.  CzoUigNj-HCl.  Calculated  <^0: 

C  71.11;  H  5.92;  N  12.44;  Cl  10.52. 

The  base  forms  colorless  crystals.  Readily  soluble  in  etlier,  alcohols,  chloroform,  acetone  and  benzene, 
insoluble  in  water  and  ligroiue.  Negative  Beilstcin  reaction  for  chloritic.  M.  n.  97-98*  (from  ligroinc). 

Found  *70;  C  79.64,  79.72;  H  6.40,  6.37;  N  13.96,  13.72.  C2ollioN3.  Calculated  C  79.73;  1!  6.31;  N  13.95. 
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2)  A  mixture  of  *1.5  ^  of  iricliIorocoHldine  nnd  3.72  g  of  aniline  was  heated  at  100*  for  7  hr,  Dnting 
the  reaction  1.7  g  of  aniline  hydrochloride  sublimed.  The  reaction  mass  was  dissolved  in  50  ml  of  chloroform. 

The  cliloroform  solution  was  waslied  first  with  water  (two  lots  of  50  ml  each),  then  with  50  ml  of  ^^<^3  potassium 
carbonate  solution;  it  was  then  dried  with  potassium  carbonate  and  evaporated  in  vacuo.  The  residue  was  dis¬ 
solved  in  20  ml  of  aniiydrotis  alcohol  and  treated  witli  alcoholic  hydrogen  chloride  until  acid  to  Congo,  Light- 
yellow  crystals  of  the  hydrocliloride  of  (X)  came  dov/n.  Yield  3.85  g  (58.G7.d,  m.  p.  210-211*.  The  alcoholic 

mother  liquor  was  cvap:>ratcd  in  vacuo  and  the  residue  distilled.  A  fraction  with  b.  p,  173-177*  (14  mm) 

was  collected.  Trichlorocollidinc  crystallized  on  standing;  m.  p.  70*.  1.4  g  (31‘7o).  No  melting  point  depression 

in  a  mixed  test. 

Reaction  of  trichlorocollidinc  with  piperidine.  A  mixture  of  8.96  g  of  trlclilorocollidine  and  6.4  g  of  piperi¬ 
dine  was  heated  at  110’  for  7  hr.  The  reaction  mass  was  treated  with  20  ml  of  water  and  extracted  with  ether. 
The  ethereal  solution  was  extracted  with  30  ml  of  15‘’/(i  hydrochloric  acid,  then  twice  with  water  (10  ml  each 
time),  and  dried  with  potassium  carbonate.  Tlie  ether  was  driven  off  and  the  residue  distilled  in  vacuo  to  give 
the  following  fractiens:  1st,  b.  p.  140-143*  (14  mm),  2,6-dichloro-3-vioyl-4-methylpyridinc,  1.8  g  {23/2ffo)i 

2nd,  b.  p.  173-177’  (14  mm),  trichlorocollidinc,  3.1  g  (34.0);  3rd,  b.  p.  154*  (1  ram),  a  colorless,  vis¬ 

cous  oil,  readily  sol  ;bIe  in  common  organic  solvents,  insoluble  in  water,  soluble  in  concentrated  hydrochloric 
acid  \;ith  formation  of  a  hydrochloride  which  was  very  easily  hydrolyzed  when  diluted  with  water.  The  analytical 
data  indicated  tha.t  the  substance  was  2-(N-pipcridyl)-3-(  0 -chlorocthyl)-4-met,hyl-6-chloropyridine  (V).  Yield 
2.3  g  (217a). 

Found  7c-:  C  57.31,  57.36;  H  6.50,  6.48;  N  10.25;  Cl  26.02,  26.06.  CijlliaNjClj.  Calculated  7o;  C  57.14; 

H  6.59;  N  10.25;  a  26.01. 

The  hydrocl'doric  acid  solution  obtained  during  extraction  was  made  alkaline  to  phenolphthalein  with  50fjo 
potassium  carbonate  solution  and  extracted  with  ether.  After  the  ether  had  been  driven  off,  the  residue  was  dis¬ 
tilled  in  vacuo  to  give  2.2  g  (18.27a)  of  2,6-bis-(N-piperidino)-3-(  0 -chlorocthyl)-4-methylpyridine  (VI).  A 
viscous,  yellowish  oil,  readily  soluble  in  common  organic  solvents,  insoluble  in  water.  B.  p.  207-209*  (11 

mm),  n|j  1.5568. 

Found  7o:  C  67.20;  H  8.69;  N  13.08;  Cl  11.15,  11.18.  CigllzaNjCI.  Calculated  7o:  C  67.18;  H  8.71; 

N  13.06;  Cl  11.04. 

2,6-Bis-(N-piperidino)-3-vinyI-4-methyIpyridine  (VIII).  A  solution  of  0.j  g  ui’  p;j...idino)-3- 

(0 -chloroeihyl)*4-~cr!iylpyridine  and  0.03  g  of  sodium  hydroxide  in  5  ml  of  anhydrous  alcohol  was  boiled  for 
8  hr.  The  precipitated  sodium  chloride  (0.07  g)  was  filtered  off.  The  alcoholic  solution  was  evaporated  and  the 
residue  distilled  in  vacuo  (0.8  mm)  at  185-186*.  Yield  of  (VIII)  0.43  g  (937a).  A  colorless,  oily  substance, 
readily  soluble  in  ordinary  organic  solvents,  insoluble  in  water.  The  product  gives  a  positive  reaction  for  the 
double  bond  with  potassium  permanganate  and  with  bromine,  and  a  negative  Bcilstein  reaction  for  chlorine;  n^ 
1.5554. 

Found  7o:  C  75.74,  75.72;  H  9.29,  9.37;  N  14.67,  14.69.  CigH27N3.  Calculated  7o:  C  75.79;  H  9.48; 

N  14.73. 

2-(N-Pipcridino)-3-vlnyl-4-mcthyI-6-chloropyridine  (VII).  A  mixture  of  0.5  g  of  2-(N-piperidino)-3- 
(0 -chlorocthyl)-4-mcthyI-6-chloropyridinc  (V)  and  0.08  g  of  sodium  hydroxide  was  boiled  in  5  ml  of  absolute 
alcohol.  The  precipitated  sodium  chloride  was  filtered  off  (0.05  g).  The  alcoholic  filtrate  was  evaporated  and 
the  residue  distilled  in  vacuo  to  give  0.4  g  (92.47o)  of  2-(N- piperidino  -3-viuyl-4-mcthyI-6-chIoropyridine 
(VII)  with  b.  p.  lOS-110  *  (1  mm).  A  colorless  oil,  readily  soluble  in  common  organic  solvents,  insoluble  la 

water;  dissolves  in  concerifrated  hydrochloric  acid  with  formation  of  a  hydrochloride  which  easily  hydrolyzes  when 
water  is  added.  Gives  a  positive  reaction  for  the  double  bond  with  potassium  permanganate  and  with  bromine; 
n”  1.5836. 

Found  7o:  C  66.29,  66.27;  H  6.97,  7.07;  N  11.73,  11.61;  Cl  14.92,  15.02.  Ci3Hi7N2Cl.  Calculated  7,; 

C  "5.94;  H  7.19;  N  11.84;  Cl  15.01. 

Reaction  of  trichlorocollidinc  with  diplicnylamine.  Trichlorocollidinc  (5.6  g)  and  diphcnylamine  (3.6  g) 
were  heated  at  310*  for  12  hr.  The  mass  darkened  during  reaction  and  6.9  g  of  diphcnylamine  hydrochloride 
distilled  ovcr,m.  p.  180*  (dccomp.)  [10]  (no  melting  point  depression  in  a  mixed  test  with  diphcnylamine 
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hydrochloride).  The  reaction  mass  was  dissolved  in  20  ml  of  chloroform.  The  solution  was  washed  twice  with 
n^o  liydrochloric  acid  (10  ml  each  time)  and  dried  with  potassium  carbonate.  After  the  chloroform  had  been 
distilled  off,  tlic  residue  was  distilled  in  vacuo  and  the  following  fractions  were  collected: 

First  fraction:  b.  p.  173  - 177  •  (14  mm),  3.7  g.  The  substance  crystallized,  m.  p.  30-35*.  The 

crystals  were  dcliqucscciit  in  air.  For  separation  of  diphcnylamine,  the  first  fraction  was  dissolved  in  30  ml  of 
anhydrous  ether  aud  treated  with  gaseous  hydrogen  chloride  until  It  had  an  acidic  reaction  to  Congo.  Diphenyl- 
amine  hydrochloride  (1  g)  came  down  and  was  separated.  The’ remaining  ethereal  solution  was  evaporated  in 
vacuo  to  give  2.7  g  (487o)  of  trichlorocollidine  with  m.  p.  C8-C9'.  No  depression  In  a  mixed  melting  test 
with  trichlorocollidine. 

Second  fraction:  b.  p.  220-221*  (0.5  mm).  The  substance  cr)’3tallized  when  triturated  with  ether.  Yield 

of  2-diphcnylamino-3-vlnyl-4-methyl-G-chloropyridine  (LX)  2.05  g  (257o).  Colorless  crystals,  readily  soluble  In 
alcohols,  acetone,  and  chloroform,  poorly  In  benzene  and  ether,  insoluble  In  water;  m.  p.  182-183*. 

Found  C  74.59,  74.97;  H  5.28,  5.19;  N  8.9G,  8.C8;  Cl  10.99,  10.98.  CjoHiyNjCl.  Calculated  C  74.88; 
H5.30;  N  8.73;  Cl  11.08. 

SUMMARY 

1.  A  new  type  of  pyrrolinc  ring  closure  involves  reaction  of  trichlorocollidine  with  secondary  amines.  The 
effect  of  temperature  and  of  substituents  in  the  secondary  amine  on  the  reaction  course  is  studied, 

2.  It  is  shown  that  the  first  step  in  the  reaction  is  replacement  of  the  chlorine  in  the  2  position  by  the  second¬ 
ary  amine  residue.  Qosure  of  the  pyrroline  ring  tlien  occurs  with  total  removal  of  alkyl  halide, 

3.  A  preparative  method  of  synthesis  of  previously  undescribed  derivatives  of  7-azaindoIlne  subs'tituted  in 
the  pyridine  ring  is  proposed. 
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DICYCLIC  COMPOUNDS  ON  THE  BASIS  OF  2,6-LUTIDINE  ^ 

IV.  3-SUBSTITUTED  9-METHYL-3,9-DIAZABICYCLO-(3,3,l)-NONANES 

E.  S.  Nikiiskaya,  V.  S.  Usovskaya,  and  M,  V,  Rubtsov 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol,  30,  No,  10, 

pp.  3306-3315,  October,  1960 

Original  article  submitted  November  6,  1959 


In  the  prcceditig  communications  we  described  derivatives  of  3,9-oxabicyclo-(3,3,l)-nonanc  [1]  possessing 
pharmacological  activity.  It  was  to  be  expected  that  similar  derivatives  of  the  related  bicyclic  compound  3,9- 
diazabicycIo-(3, 3,1) -nonane 


would  not  be  less  interesting  from  the  pharmacological  aspect.  Compounds  of  this  series  have  hardly  been  studied. 

One  paper  only  [2]  has  been  published;  this  describes  the  preparation  and  properties  of  9-methyl-3,9-diazabicycIo- 
(3,3,l)-nonane  dihydrochloride. 

We  made  use  of  this  method  and  introduced  some  modifications  which  simplified  the  synthesis  and  increased 
the  yields  at  some  steps. 

The  dimethyl  N-methyldipipecolinate  (I)  was  prepared  by  our  earlier  method  for  the  corresponding  diethyl 
ester  [3], 

The  benzylimidc  of  N-methyldipipecolinic  acid  (II)  was  prepared  by  reaction  of  (I)  with  benzylamlne. 

During  this  reaction  methyl  alcohol  is  formed  and  seriously  lowers  the  boiling  point  of  the  reaction  mass.  By 
distilling  off  the  methyl  alcohol  we  were  able  to  cut  down  the  reaction  period  from  48  hr,  reported  in  the  liter¬ 
ature,  to  5  hr  and  at  the  same  time  to  increase  the  yield. 

According  to  the  literature  the  reduction  of  compound  (II)  by  lithium  aluminum  hydride  in  an  ethereal 
medium  requires  a  period  of  72  hr.  Employment  of  an  ether- benzene  mixture  in  place  of  ether  enabled  us  to 
cut  down  the  reaction  period  to  20  hr  without  serious  effect  on  the  yield.  The  resulting  3-benzyl-9-mcthyI-3,9- 
diazabicyclo-(3,3,l)-nonane  (III)  was  reduced  by  hydrogen  in  presence  of  palladium  chloride  to  9-methyl-3,9- 
diazabicyclo  (3,3,l)-nonanc  (IV), 

A  series  of  3-substituted  derivatives  was  prepared  from  compound  (IV),  Methylatlon  of  9-methyI-3,9- 
diazabicyclo-(3,3,l)-nonane  with  a  mixture  of  formic  acid  and  formalin  gave  3,9-dimethyl-3,9-diazabicyclo- 
(3,3,l)-nonane  (V),  This  compound  gives  a  quaternary  salt  only  with  one  mole  of  methyl  iodide— indicating  that 
tlie  basicities  of  the  two  nitrogen  atoms  are  not  identical, 

Sulfonation  with  the  help  of  pyridine  sulfotrioxide  in  an  aqueous  medium  in  the  cold  and  in  a  dichlorocthanc 
mcvlium  with  heating  in  a  sealed  tube  leads  to  the  N-suIfonic  acid  (VI)  which  was  isolated  as  the  potassium  and 
ba.'um  salts. 

The  corresponding  amides  of  substituted  aminoacids  (VII,  Table  1)  were  obtained  by  reaction  of  9-methyl- 
3,9-diazabicyclo-(3,3,l)-nonanc  with  0*chloropropionyl  chloride,  a-bromopropionyl  chloride  and  chloroacetyl 
chloride  in  an  aqueous  alkaline  medium  or  in  anhydrous  benzene,  with  subsequent  treatment  of  the  reaction 
p,.;ducts  with  dimcthylaminc,  diethylaminc,  piperidine  and  morpholine. 
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(Mia)  R  =  ch,ckjN(ciIj)2, 
(vilb)Rt^CH,CMeN(C^llj)i^ 

(WIC)R  =CH^Cll^N^^^, 

(Mltl)R=CH^CHjl(^0, 

(Vlle}R  ^CH^N^^O, 

(yi|f)R  -  CHN^  ^0- 
CH, 


COR 

(VII) 


(Xa)  n=3, 
(Xb)n  =  (f. 


CVlfIa)Rr:CHjCH^ni2N(CH3)j 

(V]irHR  =  ClbCH3CHiN(yij}2^  I 

(m  c)  R  =  CHiCHjCtli  ^ 

(VIII  dj  R  ^  CHiCHjCH^  h/n 

(Vllie)  R  rr-.  CH,  CH,  nODi  ^ 

(vnif)R=CH2  chn([])o. 

CH, 


(Ka)n  =  Y,R^H,, 
(Kb)H-3,R=CH,  . 


C0(CII,);^C00R 

(K) 


CilJ)  ()aa)>i=3, 

(xib)n=4. 


(CH,)aCl 

XI) 

(Xiia)n^3,  R=  Cells, 
(Xllb)fv=3,  R=p-CeH(,N0,, 
{xilC)n=3,  R=p-C6»UBr, 
(X(id)a=4,  R  =  C6H5, 
(Xlle)a=4,  R=p-C6H4N02, 
(CH,>OCOR  R=p-C6Hi|6i*. 

(Wl) 


(IV) 


X 


co(cn2);roc 

(XIII) 


(XIIIa)n=2, 
(X)Ilb)a=3, 
(XIIfc;/i  =  4. 


(Si 


(Xiva)n^if^ 
(XIV  b)n-s, 
(XlVC)n  =c. 


These  compounds,  containing  three  carbon  atoms,  react  with  methyl  iodide  to  form  only  diquaternary 
salts  due  to  the  nitrogen  in  the  3  position  being  amidic. 

However,  reduction  of  amides  (VII)  with  lithium  aluminum  hydride  in  ethereal  or  ether-  benzene  solution 
gave  the  corresponding  amines  (VIII,  Table  2)  which  likewise  formed  salt  only  with  two  moles  of  methyl  iodide 
although  they  did  not  contain  an  amidic  nitrogen. 

Formation  of  diquaternary  salts  of  this  type,  in  which  one  salt-forming  nitrogen  is  in  the  side  chain  and 
the  other  in  the  9  position  of  the  bicycle,  permits  the  conclusion  that  the  above-mentioned  monomethiodide 
of  3,9-dimcihyldiazabicycIo-(3,3,l)-nonanc  has  the  methiodo  group  in  the  9  position  and  that,  consequently, 
the  nitrogen  in  the  9  position  of  3,9-diazabicyclo-(3,3,l)-nonaue  is  more  basic  titan  the  nitrogen  in  the  3  posi¬ 
tion. 


Treatment  of  9-methyl-3,9-diazabicyclo-(3,3,l)-nonanc  (IV)  with  carbethoxyacetyl  chloride  and  0- 
carbomethoxypropionyl  chloride  gave  the  corresponding  aminoesters  (IX),  which  by  reduction  with  lithium  alumin 
um  hydride  in  an  ether- benzene  medium  were  transformed  into  3-(  whydroxyalkyl )  *9-methyl-3,9-diazabicyclo 
(3,3,l)-nonancs  (X).  Witli  thienyl  chloride  in  chloroform,  compounds  (X)  form  3-(a;-chloroalkyl)-9-mcthyl-3,9- 
diazabicyclo-(3, 3,1)- nonanes  (XI). 
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Prepared  by  inediod  a). 

*  Prepared  by  method  b). 


I  oo  .  o  I  CN  I 
I  lO  I  »o  I  I 


oo  O  lO  M  lO  O  O  O  C5 

I  CO  CO  >3;  lO  o  CO  I-.  lO 

06  I  t'^  ir>  c>«’  iri  cd  r~  uo 


110  0>  vr  »0  CO  CM  C  ■M  CO 

I  oj  I  00  eq  o  i';  cd  cq  cq  cq 

I  06  I  r-’  1(0 1-^  iTj  cd  t"'  id 


CM  CO 

o  I  - 

CM  I  CM 


lf5  CM 

I  I  §  I  § 


RcACtiofi  of  3-(  w-hyclroxyall<yI)-9-nictliyl- 
3,9-dla2abicyclo-(3,3,l)-iioiiancs  wiili  benzoyl 
chloride,  p-nlirobcnzoyl  cliloridc  and  p-brom- 
benzoyl  chloride  gave  the  corresponding  esters 
(XII,  Table  3). 

Reaction  of  9-mcthyl-3,9-diazablcyclo- 

(3.3.1) -nonanc  diliydrochloride  with  succinyl, 
glutaryl,  and  adipyl  chlorides  in  an  aqueous  al¬ 
kaline  medium  gave  the  corresponding  diamides 
(XIII,  Tabic  4).  Reduction  of  the  latter  with  lithi¬ 
um  aluminum  hydride  gave  the  diamines  which 
formed  diquaternary  salts  with  methyl  iodide 
(XIV,  Table  5). 

Pharmacological  tests  on  the  new  com¬ 
pounds,  carried  out  in  the  department  of  pharma¬ 
cology  by  B.  A.  Medvedev,  showed  that  derivatives 
of  3,9-diazabicyclo-(3,3,l)-nonane  arc  more  ac¬ 
tive  than  corresponding  derivatives  of  3,9-oxabi- 
cycIo-(3,3,l)-noaane. 

The  most  interesting  of  the  compounds 
studied  Is  l,4-bis-[9-methyl-3,9-diazabicycIo- 

(3.3.1) -nonano-3]-butanc  methiodide  (XlVa), 
which  has  a  strong  curarelike  activity  nearly 
equal  to  tliat  of  decamethonium  iodide. 
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EXPERIMENTAL 

N-Methyldipipecolinic  acid  benzylimide 
(11).  A  mixture  of  7  g  of  dimethyl  N-methyl- 
dipipccolinate  and  5.7  g  of  benzylamine  was 
refluxed  for  4  hr,  during  which  operation  the  boil¬ 
ing  point  of  the  reaction  mass  fell  from  170-180* 
down  to  115-120“.  The  reflux  condenser  was 
replaced  by  a  sloping  one  and  the  methyl  alcohol 
formed  (1.5-2  ml)  was  distilled  off.  The  reflux 
condenser  was  again  put  in  position  and  the 
reaction  mass  boiled  for  another  hour.  After  ad¬ 
dition  of  25  ml  of  ligroine  to  the  slightly  cooled 
mass,  boiling  was  resumed  for  10  min,  and  the 
ligroine  layer  was  decanted.  The  operation  was 
twice  repeated.  The  precipitate  was  filtered 
fi'om  the  cooled  ligroine  solution  and  rccrystal- 
lized  from  ligroine.  There  was  obtained  5.67  g 
(67.5%)  of  white  crystals  with  m.  p.  113-115" 
[2]. 

3  -  Benzyl  -  9  -  me  thyl  -  3 ,9  -  d  i  a  za  bicycio  - 
(3,3,l)-nonanc  (III).  N-Mcthyldipipecolinic  acid 
benzylimide  (15.4  g)  was  reduced  with  lithium 
aluminum  hydride  (4.5  g)  in  ether -benzene  so¬ 
lution  for  20  hr.  There  was  obtained  11.36  g 
(82.9%)  of  substance  with  b.  p.  112-115“ 

(0.3  mm)  in  the  form  of  a  colorless,  oily  liquid 
(23. 
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TABLE  3 


3-y  -  (6)-AcyIoxypropyl(biityl)-9-inethyl-3,9-di.iz.ibicyclo-(3,3,l)-nonane$ 


Com  ■ 

•/,  N 

7. 

Cl 

pound 

number 

Finpirical  formula 

Melting 

point 

I  lelu 

Clo) 

_ 

found 

culated 

cal¬ 

culated 

found 

XI  la 

C,hII2.';0.,.N2  •  2IIC1 

213-216° 

94.0 

7.46  7.42 

13.93 

18.62 

Xllb 

fMsM2.-.04N3  •  2IIC1 

202—204 

77.0 

10.00  0.72 

16.90 

16.36 

Xllc 

CtslIsoO^Nanr  •  21IC1 

209-211 

87.0 

0.16  0.53 

15.04 

15.31 

XI  Id 

C,„li2802N2*  2IICI  •  II2O 

72-75 

87.0 

0.83  6.H2 

17.77 

17.43 

Xlle 

C,.,Il27  0  4  N3  •  2ilCl 

200.5-202.5 

87.0 

9.67  9.32 

10.35 

15.97 

XI  If 

CiflllgTOzNzIlr  •  2ilt:i 

210-211 

79.8 

5.98  6.03 

15.17 

15.04 

Monomethiodidc:  white  crystals  with  m,  p.  258*  [2], 

Found ‘To:  134.19.  C15H25N2I.  Calculated  *70:  134.14. 

9-Mcthyl-3,9-diazabicycIo-(3,3,l)-nonane  (IV).  3-Bcnzyl-9-methyl-3,9-diazabicyclo-(3,3,l)*nonane 
(11  g)  was  dissolved  in  300  ml  of  alcohol,  the  solution  was  made  acid  with  excess  of  alcoholic  hydrogen  chloride, 
and  the  reaction  mass  reduced  with  hydrogen  in  presence  of  3  g  of  palladium  chloride  under  a  pressure  of  20- 
30  cm  water  column.  After  hydrogen  had  ceased  being  absorbed,  the  precipitate  was  filtered  together  with  the 
catalyst  and  washed  free  of  catalyst  with  hot  water.  The  aqueous  alcoholic  mother  liquors  were  evaporated  to 
dryness  and  there  was  obtained  10.8  g  (97.2‘7o)  of  9-methyl-3,9-diazabicycIo-(3,3,l)-nonane  which  crystallized 
with  one  molecule  of  water  and  melted  at  258-260*  [2], 

Found  Cl  30.83,  30.82.  C8Hi8N2Cl2*H20.  Calculated  <70:  Cl  30.73. 

The  compound  sublimes  easily  and  loses  water  at  the  same  time. 

Found  <70:  Cl  33.19,  33.04.  C8HigN2Cl2.  Calculated  <7o:  Cl  33.33. 

The  base,  liberated  from  the  dihydrochloride,  is  a  volatile  substance  with  b.  p.  93*  (15  mm),  partially 

crystallizing  at  room  temperature. 

Found  <70:  C  68.47;  H  11.48.  C8Hi6N2.  Calculated ‘7o:  C  68.57;  H  11.42. 

3, 9- Dimethyl  - 3,9 -diazabicyclo-(3,3, 1)- nonane  (V).  A  mixttire  of  0.73  g  of  9-methyl-3,9-diazabicycIo- 
(3,3,l)-nonane,  0.58  g  of  33,5'7o  formalin,  and  0.72  g  of  fomiic  acid  was  heated  on  a  boiling  water  bath  for  15  hr. 
After  completion  of  the  reaction,  the  mass  was  made  alkaline  with  excess  of  507o  potassium  carbonate  solution 
and  extracted  with  ether.  The  ethereal  extract  was  dried,  the  ether  driven  off,  and  the  residue  distilled  in  vacuo 
to  give  0.54  g  (67.5‘7o)  of  a  colorless,  mobile  liquid  with  b.  p.  69*  (7  mm). 

Found  <70:  C  70.07;  H  11.66;  N  18.45.  CgHigNj.  Calculated  <7i<  C  70.13;  H  11.68;  N  18.18. 

I 

Dihydrochloride:  white  crystals  with  m.  p.  275-276*. 

Found  *70:  Cl  30.95.  C9H20N2CI2.  Calculated ‘7o:  Cl  31.27, 

Monomethiodide:  white  crystals  with  m.  p.  291*. 

Found  ‘7o:  N  9.25;  I  42.51.  CiiH24N2l2.  Calculated  ‘7o:  N  9.45;  I  42.90. 

Sulfonation  of  9-mcthyI-3,9-diazabicycIo-(3,3,l)-nonane  with  pyridine  sulfotrioxide.  a)  Ice  was  added 
to  a  solution  of  0.84  g  of  9-mcthyl-3,9-diazabicycIo-(3,3,l)-nonanc  in  4  ml  of  water,  followed  by  0.94  g  of 
pyridine  sulfotrioxide.  Tlie  reaction  mass  was  shaken  for  15  min,  1.64  g  of  potassium  carbonate  was  added,  and 
shaking  was  continued  with  ice  cooling  for  80  min.  Undissolved  potassium  carbonate  was  brought  into  solution 
by  addition  of  water,  and  the  solution  was  evaporated  in  a  dish  on  a  water  bath.  The  dry  residue  was  extracted 
with  boiling  anhydrous  alcohol,  and  the  alcoholic  solution  evaporated.  There  was  obtained  1.46  g  (88.4*70)  of 


3279 


TABLE  4 


Derivatives  of  Succinic,  Glutaric,  and  Adipic  Acids 


Com¬ 

pound 

number 

Empirical 

formula 

Boiling 

point 

(pressure 

in  mm) 

•/o 

C 

% 

11 

•/. 

N 

2 

*3 

cal¬ 

culated 

fouird 

jcal- 

Iculatcd 

found 

cal¬ 

culated 

found 

— i-v.v-— 

- - - 

1  1 

i  1 

[■ 

Xllla 

_ 0 

51.0 

66.60 

1 

66.32 

1 

9.39 

9.16 

— 

— 

Xllib. 

CgiliaoOaN^ 

255 

(0/.) 

63.0 

67.02 

67.00 

9.57 

9.78 

14.89 

14.84 

Xilic 

C22H38O2N4 

244 

(0.5) 

74.3 

67.69 

67.42 

9.10 

9.52 

14.35 

14.27 

the  potassium  salt  of  3-sulfo-9-methyl-3,9-diazabicyclo-(3,3,l)-nonanc  (VI)  which  was  recrysiallized  from  an¬ 
hydrous  alcohol.  The  potassium  salt  crystallizes  with  one  molecule  of  water.  Barium  sulfate  comes  down  when 
the  potassium  salt  is  heated  in  presence  of  barium  chloride  in  hydrochloric  acid. 

Found  ^o:  Cl  34.78;  H  6.15;  N  10.14;  S  11.59.  CgHjsOaKaSK.HzO.  Calculated  <^o:  C  34.51;  H  6.29;  N  9.98; 

S  11.12. 

b)  A  mixture  of  1.35  g  of  9-mcthyl-3,9-diazabicyclo-(3,3,l)-nonane,  4.61  g  of  pyridine  sulfotrioxide, 
and  10.5  ml  of  dry  d i ch  1  or oc thane  (dried  over  phosphorus  pentoxide)  was  heated  in  a  scaled  tube  on  a  boiling 
water  batli  for  15  hr.  At  the  end  of  the  reaction  the  dichloroethane  layer  was  poured  off,  and  the  residue  dis¬ 
solved  in  water.  Unreacted  pyridine  sulfotrioxide  was  filtered  off.  The  solution  was  treated  with  carbon,  filtered, 
and  heated  to  tlie  boil.  To  the  boiling  solution  was  gradually  added  7.81  g  of  BaC03  and  boiling  continued  for 
45  min.  Tlie  BaS04  and  excess  BaCOs  were  filtered  off,  and  the  filtrate  was  again  treated  with  carbon  and  evapo¬ 
rated.  The  operation  was  repeated  three  times.  Absolute  alcohol  was  then  added,  the  mass  stirred,  and  the 
resulting  precipitate  filtered  and  washed  with  absolute  alcohol  and  ether.  There  was  obtained  1.46  g  (53.87o)  of 
barium  salt  of  3-sulfo-9-mcthyl-3,9-diazabicyclo-(3,3,l)-nonane  (VI). 

Found  N  9.73;  S  11.13.  CjHijOgNjSBa  j.  Calculated ‘/o:  N  10.19;  S  11.55. 

3-Dialkylamino-(or  piperidino-  or  morpholiuo-)-acyl-9-methyl-3,9-diazabicyclo-(3,3,l)-nonancs  (VII). 
These  compounds  were  prepared  by  the  following  methods:  a)  A  solution  of  5.48  g  of  9-meihyl-3,9-diazabicyclo- 
(3,3,l)-nouane  dihydrochloride  in  20  ml  of  water  was  cooled  to  5*  and  simultaneous  dropwise  addition  was 
made  with  stirring  of  3.3  g  of  6 -chloropropionyl  chloride  and  a  solution  of  3.02  g  of  sodium  hydroxide  in  4  ml 
of  water.  After  the  additions,  stirring  was  continued  at  the  same  temperature  for  another  30  min,  after  which 
the  cooling  and  stirring  were  interrupted  until  the  temperature  of  the  mass  rose  to  16*.  The  mass  was  made 
alkaline  with  excess  of  507o  potassium  carbonate  solution  and  extracted  with  ether;  tlie  extract  was  dried  with 
anhydrous  sodium  sulfate  and  the  ether  driven  off.  There  was  obtained  4.1  g  (74^o)  of  3-(6 -chloropropionyl)-9- 
metllyl-3,9-diazabicydIo-(3,3,l)-nonane  in  the  form  of  a  colorless  oil.  This  was  boiled  for  5  hr  with  20  ml  of 
2(y7o  alcoholic  dimcthylamine.  The  alcohol  was  then  distilled  off,  the  residue  treated  with  SO^/o  potassium  car¬ 
bonate  solution,  and  the  deposited  oil  extracted  with  ether.  The  solution  was  dried  with  anhydrous  sodium  sul¬ 
fate  and  the  ether  distilled  off.  The  residue  was  distilled  in  vacuo  to  give  2.93  g  (68.97o)  of  3-(  8 -dimctliyl-' 
aminopropionyl)-9-mcthyl-3,9-diazabicyclo-(3,3,])-nonane  with  b.  p.  133-135*  (0.3  mm). 

b)  To  a  solution  of  2.97  g  of  9-methyl-3,9-diazabicyclo-(3,3,l)-nonane  in  15  ml  of  dry  benzene  (cooled 
with  ice)  was  gradually  added  dropwise  a  solution  of  2.39  g  of  monochloroacetyl  chloride  in  10  ml  of  dry  ben¬ 
zene.  After  the  addition,  the  reaction  mass  was  stirred  for  another  1.5  hr  with  ice  cooling  and  for  3  hr  at  room 
temperature.  Thereupon  it  was  diluted  with  35  ml  of  anhydrous  ether,  and  the  precipitate  filtered  off.  Yield 
4.63  g  (86'/o)  of  3-chloroacetyl-9-mcthyl-3,9-diazabicyclo-(3,3,l)-nonane  hydrochloride.  This  was  boiled  with 
6.36  g  of  morpholine  in  30  ml  of  absolute  alcohol  for  5  hr.  The  alcohol  was  then  distilled  off  and  the  residue 
worked  up  as  described  for  method  a).  Yield  2.37  g  (48.570)  of  3-(N-morpholinoaceiyl)-9-methyl-3,9-diazabicyclo 
(3,3,l)-nonane  in  the  form  of  an  oily  liquid  with  b.  p.  157-159*  (0.25  mm). 

Data  for  the  compounds  arc  set  forth  in  Table  1, 
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-Bis[9-methyI-3,9-dia2abicycIo-(3,3,l)-non3QO-3]-alkaaes 


3-Dinl!<ylnniiiio-  (or  piperidine-  or  morpIiolii.o-)-aIkyl- 
0-inctliyl -■'3.0-cliaz.ihicyclo-(3.3,r)-nonniics  (VIII).  Compounds 
(VII)  Were  reduced  with  litlimm  ahiniimim  hydride  in  ethereal 
solution.  Data  for  the  products  arc  given  in  Table  2. 

3-Carbcthoxyacctyl-9-n)cihyl-3,9-dia2abicycIo-(3,3,l)' 
nonane  (IXa).  Gradual,  dropwise  addition  of  a  solution  of  4.36 
g  of  carbcthoxyacciyl  chloride  in  10  ml  of  dry  benzene  was 
made  to  an  ice-cooled  solution  of  4.05  g  of  9-incthyl-3,9*dl- 
azabicyclo-(3,3,l)-nonanc  in  a  mixture  of  15  ml  of  dry  ben¬ 
zene  and  10  ml  of  absolute  ether.  The  3-carbcthoxyacetyI- 
9-methyl-3,9-diazabicyelo-(3,3,l)-nonane  monohydrochloride 
formed  during  the  reaction  came  down  in  the  form  of  a  yellow, 
oily  precipitate.  After  completion  of  addition  of  the  carbethoxy- 
acetyl  chloride,  25  ml  of  absolute  ether  was  added  and  stirring 
was  continued  for  another  hour.  During  this  operation  the  oily 
precipitate  changed  into  a  cream-colored,  hygroscopic  powder. 
Into  the  reaction  mass  was  stirred  an  excess  of  50*70  potassium 
carbonate  solution  with  shaking.  The  ether-benzene  layer  was 
separated  and  the  aqueous  layer  further  extracted  with  ether. 

The  combined  extracts  were  dried  with  anhydrous  sodium  sul¬ 
fate,  the  solvent  distilled  off,  and  the  residue  distilled  in  vacuo 
to  give  0.G5  g  of  starting  substance  (IV),  with  b.  p.  93-95* 

(15  mm),  and  3.53  g  (dS^’/o)  of  a  substance  with  b.  p,  153-155 
(0.3  mm)  whose  analysis  corresponded  to  3-carbethoxy- 
acctyl-9-methyl-3,9-diazabicycIo-(3,3,l)-nonane. 

Found  *7rt  ^  11.04,  11.07.  Cj3H2203N2.  Calculated 
N  11.02. 


3-(8-CarbomethoxypropionyI)-9-methyl-3,9-diazabicycIo- 

(3.3.1)  -nonane  (LXb).  Reaction  of  3.62  g  of  9-methyl-3,9- 
dia'’ab’;rvrin-f?,3,ll-non''n<'  wDb  3.R9  e  of  0 -rarbomethoxy 
propionyl  chloride  by  the  above  procedure  gave  4.05  g  (Gl.T^o) 
of  3-(0  -carbomethoxyp^opionyI)-9-methyl-3,9-diazabicycIo- 

(3.3.1) *nonane  withb.  p.  152-153*  (0.3  mm)  and  0.56  g  of 

the  original  compound  (IV). 

Found ‘7o:  N  10.78,  10.69.  Ci3H2203N2.  Calculated  <7ot 
N  11.02. 


3-(y  -Hydroxypropy l)-9 -methyl -3,9 -diazabicyclo -(3,3,1)- 
nonane  (Xa),  3 -Carbethoxyacctyl -9-methyl -3, 9-diazabicyclo- 

(3,3,l)-nonane  (2.37  g)  was  reduced  with  1  g  of  lithium  alumi¬ 
num  hydride  in  ether -benzene  solution.  There  was  obtained 
1.55  g  (84  %)  of  substance  with  b.  p.  118-120“  (0,4  mm)  in  the 
form  of  a  colorless,  oily  liquid. 

Found  N  13.99,  13.99.  CuMzaONj.  Calculated  % 

N  14.14. 


3 -(5  -nydroxybiityl)-9-mcthyl-3,9-diazabicyclo-(3,3,l) 
nonane  (Xb).  3 -(3  -Carbomcthoxypropionyl-9-mcthyl-3,9- 
diazabicyclo-(3,3,l)-nonanc  (3.25  g)  was  reduced  by  lithium 
alumiiuun  hydride  (1,5  g)  in  ether -benzene  solution.  There 
was  obtained  2.31  g  (85  %)  of  substance  with  b,  p.  128-130* 
(0.35  mm). 

Found  C  67.16;  H  11.58;  N  13.26.  C12H24ON2.  Cal¬ 
culated  °1<K  C  67.92;  11  11.32;  N  13.20. 
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3*(y  •Clilornpropyl)-9-nicthyl-n,9*di.-«znbicyclo-(3,3,l)-non.Tnc  (XIa).  A  solution  of  2.3  g  of  3-(y  -hydro- 
xypropyl)-9-nicihyI-3,9-diazabicyclo-(3,3,l)-non.iuc  in  7  ml  of  anhydrous  alcoliol  was  acidified  with  alcoholic 
hydrogen  chloride  until  acid  to  Congo.  The  solution  v/as  then  evaporated  in  vacuo.  To  the  caramel -like  residue 
were  added  15  ml  of  dry  chloroform  and  25  ml  of  thionyl  chloride,  and  the  reaction  mass  was  heated  for  an  hou. 
at  75*.  It  was  then  evaporated  to  dryness  in  vacuo.  The  residue  was  treated  with  59%  potassium  carbonate 
solution  and  extracted  with  ether.  Drying  of  the  extract  with  anhydrous  sodium  sulfate  and  distillation  of  the 
solvent  gave  1.85  g  (73.7%)  of  a  colorless,  mobile  liquid  with  b.  p.  95-97*  (0.4  mm).  On  standing  the  sub¬ 

stance  changed  into  a  treacly  mass, readily  soluble  in  water.  It  was  evidently  an  internal  quaternary  salt. 

Found  %:  N  12.72;  Cl  1C.15.  CuHjiNjCl.  Calculated  %:  N  12.93;  Cl  16.39. 

Diltydrochloridc;  a  white,  hygroscopic  powder, 

3-(  6  -Chlorobtuyl)-9-mcthyl-3,9-diazabicyclo-(3,3.1)-nonane  (Xlb).  The  above  method  was  used  for  the 
preparation,  from  3.23  g  of  3-(  6-hydroxybutyl)-9-methyl-3,9-dia2abicyclo -(3,3,l)-nonanc,  of  2.85  g  (81%)  of 
3-(  6-chlorobutyl)-9-methyl-3,9-diazabicycIo-(3,3,l)-nonane  in  the  form  of  a  readily  mobile,  colorless  liquid 
with  b.  p.  115 -117*  (0.55  mm). 

Found  %:  N  12.58;  Cl  15.49.  C12II23N2CI.  Calculated  %:  N  12.14;  Cl  15.40, 

On  standing  the  compound  forms  an  internal  quaternary  salt  in  the  form  of  a  brown,  treacly  mass. 

Dihydrochloride:  colorless,  very  hygroscopic  crystals. 

3-y-(6)-AcyIoxypropyl  (butyl)-9-mcthyI-3,9-diazabicyclo-(3,3,l)-nonancs  (XII).  A  mixture  of  0.7  g  of 
3-(y -hydroxypropy!)-9-methyl-3,9-diazabicyclo-(3,3,l)-nonane  and  0.75  g  of  benzoyl  chloride  v/as  heated  at 
the  boil  in  15  ml  of  dry  benzene  for  3  hr.  The  reaction  mass  was  then  acidified  (to  Congo)  with  alcoholic  hydro¬ 
gen  chloride,  20  ml  of  absolute  ether  was  added,  and  the  white  precipitate  was  filtered  and  thoroughly  washed 
v/ith  ether.  There  was  obtained  1.24  g  (94%)  of  3-(y -benzoyIoxypropyl)-9-mcthyl-3,9-diazabicycIo-(3,3,l)- 
^onanc  in  the  form  of  white  crystals  with  m.  p.  213-216",  After  crystallization  from  absolute  alcohol  the 
compound  melted  at  215-216".  Esters  prepared  by  this  method  are  set  forth  in  Table  3, 

Succinyl-bis- {  3-[9-methyI-3,9-diazabicyclo-(3,3,l)-nonane]}  (Xllla).  Into  a  solution  of  10  g  of  9- 
mcthyl-3,9-diazabicyclo-(3,3,l)-uonanc  dihydiochloride  in  25  ml  of  water  Wc'.s  stiried  a  solution  of  3.35  g  of 
sodium  hydroxide  in  10  ml  of  water,  and  the  reaction  mass  was  cooled  to  -5",  At  this  temperature  dropwise 
addition  was  simultaneously  made  of  3.7  g  of  succinyl  dichloride  and  a  solution  of  1.7  g  of  sodium  hydroxide  in 
5  ml  of  water.  This  step  was  followed  by  addition  to  the  reaction  mass  of  15  ml  of  50%  potassium  carbonate 
solution.  An  oil  separated  and  was  extracted  with  chloroform.  The  extract  was  dried  with  anhydrous  sodium  sul¬ 
fate,  the  chloroform  taken  off,  and  the  residue  distilled  in  vacuo  to  give  4  g  (51%>)  of  a  treacly,  light-yellow 
mass  with  b.  p.  254-255"  (0.4  mm). 

Derivatives  of  glutaric  and  adipic  acids  were  prepared  in  similar  fashion  (Table  4), 

a,(t/-Bis[9-mcthyl-3,9-diazabicycIo-(3,3,l)-nonano-31 -alkanes  (XIV),  These  compounds  were  prepared 
by  reduction  of  the  corresponding  diamides  (XIII)  with  lithium  aluminum  hydride  in  ether-benzene  solution. 

Data  are  set  forth  in  Table  5.  •  ,  ’ 

SUMMARY 

1,  Syntheses  were  effected  of  derivatives  of  3,9-diazabicycIo-(3,3,l)-nonane  containing  a  methyl  group 
in  the  9  position  and  various  substituents -acyl,  alkyl,  hydroxy,  carboxy,  aminoalkyl,  etc, -in  the  3  position. 

2,  3,9-Dimcthyl-3,9-diazabicyclo-(3,3,l)-nonanc  was  found  to  form  only  a  monomethiodidc  with  methyl 
iodide,  the  latter  combining  in  the  9  position  of  the  bicycle.  This  showed  that  the  nitrogen  in  the  9  position  is 
more  basic  than  that  in  the  3  position, 

3,  Bis  [9-methyl-3,9-diazabicyclo-(3,3,l)-nonano-3]-alkancs  and  their  derivatives  were  prepared  from 
9-methyl-3,9-diazabicyclo-(3,3,l)-nonane. 
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In  the  present  work  we  submit  data  for  the  synthesis  and  catalytic  transformations  over  aluminosilicate 
catalyst  of  ct-dccylthiophanc,  a  compound  not  previously  described  in  the  literature.  We  prepared  this  sulfide 
by  the  general  metiiod  of  synthesis  of  a-alkylthiophanes  proposed  by  R.  D.  Obolentsov  and  V.  G.  Bukharov  [1], 

The  synthesis  of  a-decylthiophane  is  represented  by  scheme  1, 


Scheme  1 
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The  following  intermediate  compounds  were  prepared  during  the  synthesis  of  a-decylthiophane  (V);  a- 
nonylfurylcarbinol  (1),  ethyl  y -ketotctradccanoatc  (11),  1,4-tctradccancdiol  (III),  and  1,4-dibromotetradecane 
(IV),  all  of  v.’ltich  have  likewise  not  previously  been  described. 

g-Nonylfurylcarbinol  (I)  was  prepared  by  Grignard  reaction  of  furfural  by  the  general  method  for  preparation 
of  alkylfurylcarbinols  [2]. 

Ethyl  y -ketotctradccanoate  (II)  was  prepared  by  boiling  a-nonylfurylcarbinol  in  absolute  alcoholic  so¬ 
lution  with  addition  of  hydrogen  chloride.  Cleavage  of  the  fiuan  ring  is  here  associated  with  a  scries  of  inter¬ 
mediate  reversible  reactions  [2,  3],  so  that  the  end  product  may  be  contaminated  with  secondary  substances. 

1,4-Tctradccancdiol  (IH)  was  obtained  in  good  yield  by  reduction  of  ctliyl  y  -ketotctradccanoatc  with 
lithium  aluminum  hydride.  In  spite  of  the  low  degree  of  purity  of  the  original  ester  (II),  the  resulting  diol  was 
extremely  pure. 
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l,4-Dibromotctrn(Jccniic  (IV)  w.is  prepared  by  reaction  of  l.d-tctradccancdiol  with  dry  Ilbr.  This  re¬ 
action  is  reversible,  and  therefore  the  product  al.ways  contains  a  certain  amount  of  diol  which  is  difficult  to' re¬ 
move  due  to  the  similarity  in  boiling  points.  Even  treatment  with  concentrated  112804  failed  to  remove  tire  dloI. 

a-Dccylthiophane  (V)  was  prepared  by  reaction  of  1,4-dibromotctradccanc  with  an  alcoholic  solution  of  ‘ 
Na2S.  The  reaction  goes  v/ith  facility  and  the  product  is  obtained  in  good  yield  in  pure  form. 

The  synthesized  a-decylthiophane  was  passed  over  alutninosilicate  catalyst  under  our  standard  conditions 
[4],  Catalysis  led  to  ST.n'yo  of  the  sulfur  in  the  original  a-decylthiophane  coming  off  as  hydrogen  sulfide,  1- 
Tctradcccne  and  original  a-decylthiophane  were  isolated  from  the  liquid  catalyzate. 

The  identity  of  the  hydrocarbon  product  was  confirmed  by  the  agreement  between  its  constants  and  those 
reported  in  the  literature;  the  value  found  for  the  MR^)  differed  from  the  calculated  value  by  only  0.05,  The 
elemental  analysis  brought  further  confirmation. 

Since  the  sole  products  of  catalytic  cleavage  of  a-dccylthiophanc  are  hydrogen  sulfide  and  l-tetradeccne, 
the  mechanism  of  cleavage  of  a-decylthiophane  may  be  represented  by  scheme  2, 


Scheme  2 
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Saturation  of  1,3-tctradccadicne  to  l-tetradecene  involves  intramolecular  migration  of  hydrogen,  Mer- 
captans  arc  absent  from  the  catalyzate.  Cyclic  sulfides  accordingly  do  not  behave  like  aliphatic  sulfides.  Under 
the  same  catalytic  conditions  the  latter  form  mercaptans  and  alkenes  [4], 

EXPERIMENTAL 

Tlic  synthesis  of  a-dccylthiophanc  (V)  involves  five  steps  (see  scheme  1), 

a-Nonylfurylcarbinol  (I)  was  prepared  from  439  g  of  nonyl  bromide  in  solution  in  1,5  liters  of  absolute 
ether,  55  g  of  Mg,  and  192  g  of  freshly  distilled  furfural.  Yield  334  g 

M.  p.  +3.9“,  b.  p.  144- 145"  (5  mm),  n|J  1.46G5,  d^®  0.9326,  MR^^  66.48.  Ci,,U2.,02-  Calculated  67.03*  . 

Ethyl  y  -ketotetradccanoatc  (II).  Into  a  hot  solution  of  238  g  of  a -nonylfurylcarbinol  in  320  ml  of  ab¬ 
solute  alcohol  was  stirred  an  alcoholic  solution  of  HCI  (60  g  of  dry  UCI  in  400  ml  of  alcohol).  The  reaction  mix¬ 
ture  was  boiled  for  30  min,  after  which  2/3  of  the  alcohol  was  distilled  off,  and  the  residue  poured  into  saturated 
K2CO3  solution.  The  supernatant  oil  was  separated,  and  the  aqueous  layer  was  extracted  with  ether  and  dried 
with  K2CO3.  There  was  obtained  171.4  g  (49.57o)  of  ethyl  y  -ketotetradecanoate, 

M.  P.+  17',  b.  p.  142-144"  (3  mm),  n^  1.4508,  df  0.9227,  MRj^  78.26.  CigHjoOj.  Calculated  78.14. 

The  elemental  analysis  was  unsatisfactory.  According  to  the  literature  the  ethyl  esters  of  y  -keto  acids 
are  not  always  adequately  purified  by  numerous  distillations  in  vacuo  [1], 

1,4-TetradccancdioI  (III).  Into  an  ethereal  solution  of  lithium  aluminum  hydride  [5],  from  22.5  g  of  LiH 
and  182.5  g  of  AlRr3  hi  780  ml  of  absolute  ether,  was  slowly  stirred  a  solution  of  120  g  of  ethyl  y  -tetradccanoate 
in  190  ml  of  absolute  ether.  The  reaction  mixture  was  boiled  for  3  hr.  The  excess  of  lithium  aluminum  hydride 
was  cautiously  decomposed  with  water  and  then  with  15'7i»  sulfuric  acid.  The  ether  layer  was  separated  and  tlie 
aqueous  layer  extracted  with  ether.  The  extract  was  washed  with  saturated  K2CO3  solution  and  dried  with  K2CO3, 
After  distillation  of  the  solvent,  the  l,4-tctraf''‘.cancdiol  crystallized.  Yield  nearly  quantitative.  M.  p.  57.2", 
b.  p.  172  - 174  "  (5  mm). 

Found  ojoi  C  73.17,  72.91;  H  12.75.  13.00.  €14113002.  Calculated  C  72.98;  II  13.12. 


•The  elemental  analysis  was  not  carried  out  since  the  compound  easily  breaks  down  on  standing. 
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l,4-Dibroniotctradcc.inc  (IV),  A  tlircc-ncckcd  fl.isk,  fitted  with  stincr,  rcflnx  condenser,  and  gas-leading 
tube,  vas  charged  with  GO  g  of  1,4-tctradccancdiol.  At  120"  a  stream  of  dry  HCl  was  passed  into  the  fused 
substance  for  28  hr.  The  reaction  product  was  dissolved  in  ether,  washed  with  water  and  then  with  saturated 
KjCO,  solution,  and  dried  with  CaCl2.  The  residue  (after  removal  of  solvent)  was  distilled  in  vacuo.  Yield  82  g 
(88.8<7<,). 

B.  p.  182-184"  (9  mm),  n|J  1.4357,  df  1.2174. 

a-Dccylthiophanc  (V).  The  82  g  of  l,4-diI)romotctradccauc  was  boiled  with  a  threefold  excess  of  alcoholic 
solution  of  sodium  sulfite  for  3  hr,  part  of  the  alcohol  was  distilled  off,  and  the  residue  was  diluted  witli  water 
for  dissolution  of  the  Naur  formed  in  die  reaction.  I  hc  supernatant  oil  was  separated,  and  tlic  aqueous  layer  was 
extracted  witli  ether  and  the  extract  dried  with  CaClj.  The  compound  was  distilled  after  distillation  of  the  sol¬ 
vent.  Yield  44  g  (83.7 •y,,). 

B.  p.  148.5- 149"  (5.5  mm),  n^  1.4804,  dj®  0.8959,  M\\^  72.4;  calc.  72.8. 

Found  %:  C  73.80,  73.85;  H  12.3G,  12.34;  S  13.51,  13.36.  C14H28S.  Calculated  C  73.66;  H  12.35; 

S  14.04. 

Catalytic  transformation  of  a-dccylthiophanc.  Two  experiments  were  run  under  the  same  conditions. 

In  eacli  case,  30  g  of  a-decylthiophanc  was  pissed  over  aluminosilicate  catalyst  at  300",  From  the  two  experi¬ 
ments  was  obtained  44  g  of  catalyzate  {13, 3^0  of  the  starting  a-decylthiophane).  The  hydrogen  sulfide  in  the 
exit  gas  was  precipitated  with  sodium  plunibite.  The  quantity  of  PbS  formed  during  both  of  the  experiments 
was  36  g,  equivalent  to  4.8  g  of  sulfur  (57.3‘7o  of  the  content  in  the  original  a-decylthiophanc).  Fractionation  of 
the  catalyzate  gave  4.3  g  of  1-ietradcccne.  The  compound  decolorizes  bromine  water  and  alkaline  KMn04  so¬ 
lution. 

B.  p.  80-82"  (8  mm),  n^  1.4383,  df  0.7841,  MR^  66.60;  calc.  66.65. 

Found  C  85.40;  1114.85.  Cj4l!28.  Calculated ‘/o:  C  85.63;  H  14.38. 

Literature  [6]:  b.  p.  124.5 -125"  (15  mm),  n^  1.4381,  df  0.788. 

From  the  higher  catalyzate  fraction  was  isolated  6.1  g  of  a-decylthiophane  with  b.  p.  156-158"  (8  mm), 

njj  1.4820,  df  0.8927. 

SUMMARY 

1.  a-Dccylthiophane  was  synthesized  and  characterized  for  the  first  time, 

2.  The  following  intermediates,  not  previously  described  in  the  literature,  were  obtained  during  synthesis 
of  a-decylthiophane:  a-nonylfurylcarbinol,  ctliyl  y -ketotctradecanoate,  1,4-tctradccancdiol,  and  1,4-dibromo- 
tctradecanc, 

3.  In  presence  of  aluminosilicate  catalyst  a-decylthiophane  breaks  down  at  300*  into  hydrogen  sul¬ 
fide  and  an  unsaturated  hydrocarbon- 1-tetradccene.  Unchanged  a-decylthiophane  was  found  in  the  catalyzate. 
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The  chemical  properties  of  quinones  are  known  to  depend  on  the  fine  structure  of  the  starting  substance 
which  does  not  contain  carbonyl  groups  [1],  In  this  connection  a  number  of  workers  [2-4]  have  closely  examined 
the  influence  of  the  structure  of  quinones  on  the  magnitude  of  their  redox  potentials.  A  proportionality  was  estab¬ 
lished  between  tlie  redox  potential  of  carbocyclic  o-quinoncs  and  the  bond  order  of  the  carbon  atoms  of  the  start¬ 
ing  substance  at  which  the  quinone  was  formed  [5].  It  therefore  seemed  of  interest,  in  connection  with  a  study 
of  the  fine  structure  of  the  molecule  of  benzimidazolone  (I),  to  make  a  closer  examination  of  the  properties  of 
the  previously  described  [6]  5,6-dioxo-l,3-dimethylbenzimidazolone  (II).  This  quinone  was  obtained  not  only 
by  oxidation  of  the  corresponding  aminohydroxy  and  dihydroxy  derivatives  but  also  by  the  action  of  potassium 
nitrosodisulfonate  on  5-hydroxy-l,3-dimethylbenzimidazolone, 


It  was  found  that  this  quinone  is  also  very  easily  prepared  by  oxidation  of  5,6-dimethoxy-l,3-dimethyI- 
benzimidazolone  (III)  with  nitric  acid  diluted  with  nitrous  acid,  ferric  chloride,  etc.  This  method  is  considerably 
simpler  than  the  syntheses  previously  described.  Quinone  (11)  is  smoothly  converted  to  the  monoxime  on  treat¬ 
ment  with  hydroxylamine  in  an  acid  medium. 
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Direct  transformation  of  o-dimethoxy  derivatives  into  quinones  has  already  been  described  (sec  for  example 
[7]).  5,6-Dimethoxybenzimidazolone  (IV)  was  found  to  undergo  this  transformation  with  formation  of  5,6-dioxo- 
benzimidazolone  (V).  Thc-structure  of  this  new  o-quinone  was  confirmed  by  its  condensation  with  o-diamines 
to  form  azines  and  by  its  reduction  to  a  colorless  5,6-dihydroxy  derivative  which  could  be  purified  by  careful 
crystallization. 

In  contrast  to  compound  (II),  the  quinone  (V)  contains  two  acidic  hydrogen  atoms,  and  therefore  the  color 
of  its  aqueous  solutions  (  Xmax  501  mp)  is  changed  by  alkali  treatment  at  first  to  blue-violet  (formation  of  a 
singly-changed  anion  (VI,  Xjjiax  600  m/i)  and  then  to  green  (formation  of  doubly-changed  anion  (VII,  Xmax 
665  mp)  with  a  marked  fall  in  light  absorption  by  (VII)  (Fig,  1), 


I 


3287 


The  bntliochroinic  shift  of  ilic  anion  of  (VII)  in  relation  to  tltc  anion  of  (VI)  is  evidently  associated  witi 
an  increase  in  the  number  of  free  electron  pairs  capable  of  vibrating,,  while tlichypsochromic  shift  is  associated 
with  a  decrease  in  the  number  of  localization  points  of  the  negative  charge  on  each  free  electron  pair 


In  a  study  of  the  absorption  spectra  of  quinonc 
(11)  ,  which  is  not  capable  of  dissociation,  we  ob¬ 
served  that  the  position  of  all  of  the  maxima,  and 
in  particular  of  the  maximum  of  the  long-w’ave  band 
of  this  compound,  is  markedly  dependent  on  the 
nature  of  the  solvent.  Change-over  from  aqueous 
solutions  to  carbon  tctraciiloride  solutions,  for  ex¬ 
ample,  causes  the  peaks  of  light  absorption  of  the 
quinonc  to  be  sliifted  to  the  short-wave  region 
(Pig.  2).  We  see  from  the  table  below  that  the 
position  of  the  long-wave  maximum  of  light  ab¬ 
sorption  is  generally  proportional  to  the  polarity  of 
the  solvent.  These  changes  in  the  absorption  spectrum 
cannot  be  explained  by  formation  of  associated 
molecules  since  ilic  position  of  the  absorption  maxima 
docs  not  depend  on  tlie  concentration  of  the  solutions 
in  the  range  of  10'^  to  10'^  molar.  We  therefore 
suggest  that  the  phenomenon  is  the  result  of  change 
in  tlic  degree  of  intramolecular  polarization  of  the 
quinonc  in  accordance  with  scheme  (VIII)  under 
the  influence  of  the  solvent  molecules.  A  similar 
effect  has  been  found  [8]  with  the  molecule  of  adrenochromc  whose  structure  is  similar  to  that  of  our  quinone. 


Light  Absorption  of  Quinone  (II)  in  Different  Solvents 


Solvent 

^inax  i  2  mil 

Carbon  tetrachloride 

453 

Benzene 

4G9 

Chlorobenzene 

471 

Chloroform 

474 

Acetone 

475 

Nitrobenzene 

47!) 

Methanol 

485 

Water 

51G 

Pig.  1.  Absorption  spectra  of  solutions  of  5,G-dioxo- 
bcnzimidazolonc  in  buffer  solutions  (c  3.25X10'^  molar). 
PM  values:!)  2.10,2)  9.0-1,  3)  12.00,4)  10.75, 

5)  7.44,  G)  G.82. 


With  Icuco  compounds  the  quinoncs  (II)  and  (V)  very  smoothly  form  quinhydroncs  which  are  fairly  stable 
and  can  be  rccrystallizcd  from  solvents.  Using  these  compounds  in  tltc  form  of  a  507o  mixture  of  quinone  and 
quinhydronc,  we  were  easily  able  to  determine  the  redox  potentials  of  tlic  quinones  under  investigation. 

The  value  found  for  5,G-dioxo-l,3-dimcthylbcnzimidazolone  (II)  was  587  mv  (18“),  and  that  for  5,G- 
dioxobcnzimidazolonc  was  585  mv  (18“).  The  corrected  values  are  respectively  487  mv  and  485  mv  [5]. 
Quinoncs  (11)  and  (V)  have  very  similar  redox  potentials.  These  data,  in  association  with  the  similarity  in  the 
electronic  absorption  spectra  of  the  quinoncs  (1  ig.  2),  arc  evidence  of  the  formal  structural  similarity  of  the 
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cornpouiitls  and  of  the  similarity  of  the  fine  structure  of  analogs  of  bcnzimidazolonc  and  l.G-dialkylbenzlmida’ 
zolone  whicli  we  had  previously  reported  [9], 

Knowing  the  redox  potentials  of  qninones  (II)  and  (V),  we  can  make  use  of  the  Badger  relation  [5]  between 
redox  potential  of  o-qninones  and  the  bond  order  of  the  quinonc-forming  carbon  atoms.  This  relation  was  es-  ' 
tablishcd  for  carbocycTic  compounds  but  does  not  appear  to  have  been  applied  to  hcrcrocyclics. 

On  the  basis  of  this  relation  we  can  find  that  the 
bond  order  between  carbon  atoms  5  and  6  of  benzimida- 
zolone  is  1.73.  This  is  very  close  to  the  value  (1,738) 
of  the  1-2  bond  order  in  the  naphthalene  molecule 
(for  benzene  the  C-C  bond  order  is  1.G67).  The  elec¬ 
tron  cloud  of  the  benzene  ring  of  bcnzimidazolonc  is 
coascqucntly  defornted  and  tlie  degree  of  double¬ 
bonding  between  its  carbon  atoms  5  and  6  is  actually 
greatly  increased. 

In  previous  communications  we  compared  the 
reactivities  of  5-hydroxy-  and  5-amino  derivatives  of 
bcnzimidazolonc  and  of  2-hydroxy-  and  2-amino- 
substituted  naphthalenes  [6,  10].  Wc  showed  tlui  their 
behavior  is  absolutely  analogous  in  cationoid  sub¬ 
stitution  reactions.  V/e  therefore  inferred  that  the 
degree  of  double-bonding  between  carbon  atoms  5  and 
6  of  bcnzimidazolonc  is  increased  just  as  is  the  case 
between  carbon  atoms  1  and  2  of  naphthalene.  This 
reasoning  was  confirmed  by  determinations  of  the  redox 
potentials  of  quinones  (II)  and  (IV)  and  in  turn  of  the 
bond  order  between  carbon  atoms  5  and  6.  We  are 
therefore  justified  in  claiming  to  have  been  the  first  to 
observe  in  the  case  of  bcnzimidazolonc  the  type  of 
deformation  of  the  electron  cloud  of  the  benzene  ring 
that  Mills  and  Nixon  had  erroneously  attributed  to  the 
benzene  ring  of  the  Itydrindene  molecule  [11], 

molar,  312  and  243  mp;  Xniin  270  and 

371  m/i), 

EXPERIMENTAL 

5.6 -  Dioxobcnziinidazolone .  Sodium  nitrite  and  5,C-dimethyloxybenzimidazolone  (equal  parts  by  weight) 
were  dissolved  in  the  tenfold  quantity  of  SOTj  alcohol,  and  concentrated  hydrochloric  acid  was  added  dropw'ise  in 
the  cold  ro  the  solution  until  it  was  acidic  to  Congo.  The  precipitate  was  filtered  and  twice  crystallized  from 

a  large  volume  of  water  containing  a  few  drops  of  acetic  acid.  The  product  formed  dark-red,  lustrous,  small, 
fine  needles  (yield  40-457o).  It  did  not  melt  at  300*.  Insoluble  in  chloroform  and  accrone,  very  sparingly 
soluble  in  methyl  and  ethyl  alcohols,  chlorobenzene,  benzene,  dioxanc,  nitrobenzene,  quinoline,  and  acetic 
acid.  Crystallization  from  water  is  accompanied  by  considerable  losses  of  the  substance. 

The  quinone  is  soluble  in  caustic  alkali  and  sodium  carbonate  and  comes  out  of  solution  on  acidification. 
Heating  of  the  alkaline  solution  changes  the  color  to  dark -brown,  and  the  quinone  cannot  then  be  isolated  on 
aci'iification.  The  solution  in  concentrated  sulfuric  acid  has  a  violet  color. 

Found C  51.25,  51.18;  H  2.57,  2.50;  N  17.13,  17.03.  C7H4O3N2.  Calculated  C  51.20;  H  2.44; 

N  17.08. 

5.6- Dioxo-l,3-dimethylbcnzimida2olone,  which  wc  have  fully  described  previously,  can  be  prepared  on 
the  same  lines  as  5,6-dioxobcnzimidazoIone  by  oxidation  of  the  corresponding  dimethoxy  derivative.  In  the 
ptocnt  case  the  quinone  must  in  addition  be  extracted  from  the  solution  by  chloroform  because  it  is  highly  soluble 
in  aqueous  alcohol. 


l  ig.2.  Absorption  spectra  of  solutions:  1)  5,6-dioxo- 
bcnzimidazolone  in  O.Ol^l^j  aqueous  acetic  acid  (c 
KSSKIO-**  and  0.378X10"*  molar,  Xmax  228,  246, 
321  and  502  mp;  243,  278,  243  mp);  2)  5,6- 

dioxo-l,3-dimcthylbcnzimidazolone  in  water  (c 
1.94  XlO’"*  and  0.394X10"*  molar,  Xmax  232,  257, 
330  and  516  mp;  X,^^j,j  226,  247,  284  and  398  mp); 
3)  5,6-dioxo-l,3-dimctliyIbenzimidazoIone  in 
carbon  tetrachloride  (c  1.41X10"*  and  0.282x10"* 
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5,G-nihydroxyhctiziniidnzolonc.  To  a  boiling  solution  of  0.5  g  of  ascorbic  acid  in  20  ml  of  water  was  added 
0.15  g  of  5,G-dioxobcnzimidazolonc  in  small  portions;  after  the  solution  bad  cooled,  the  precipitate  was  filtered 
and  recrystallizcd  from  water.  The  resulting  slightly  grayish,  colorless,  fine  needles  (weight  50  mg)  did  not  melt 
at  300',  Sparingly  soluble  in  cold  water,  alcohol,  and  acetic  acid,  itisolublc  in  benzene,  chloroform,  and 
carbon  tetracliloride,  and  soluble  in  pyridine. 

^•ound‘7o:  N  3G.90,  1G.78.  C^IIcOaNz.  Calculated  N  16..86. 

Ouinhydronc  from  5,G-dioxobciizimidazolono.  A  solution  of  300  mg  of  the  quinonc  in  300  ml  of  water  was 
prepared.  Into  onc-lialf  of  the  hot  solution  was  carefully  stirred  droj-./isc  a  aqueous  solution  of  ascorbic  acio 
until  color  disappeared.  The  two  portions  of  solution  were  then  mixed  and  quickly  cooled.  The  resulting  crystal¬ 
line  precipitate  was  filtered  and  v/ashed  with  water  (4  X15  ml).  There  was  obtained  230  mg  of  substance  in  the 
form  of  small,  violet- black  needles,  soltible  in  water  and  organic  solvents,  not  melting  at  30Cf. 

Found  <70:  C  51.12,  51,24.  H  3.21.  3.23.  C14H10O6N4.  Calculated  c/o:  C  50.91;  H  3.05. 

Ouinhydronc  from  5,6-dioxo-l,3-dimethylbcnzimidazolone.  A  concentrated  alcoholic  solution  of  ascorbic 
acid  was  carefully  added  dropwise  to  a  solution  of  500  mg  of  quinonc  in  50  ml  of  hot  alcohol  until  the  solution 
was  decolorized.  Addition  of  500  mg  of  quinone  was  then  made  and  the  solution  cooled.  The  crystals  were 
filtered  and  rccrystallized  from  alcohol.  Long,  dark-violet  needles  (weight  800  mg)  with  m.  p.  250-254* 
(decomp.).  Insoluble  in  benzene  and  carbon  tetrachloride,  sparingly  soluble  in  ethyl  acetate,  easily  soluble  in 
pyridine;  crystallizes  from  dioxane,  alcohol,  and  ethyl  acetate;  very  much  less  soluble  in  alcohol  than  the  origin¬ 
al  quinoncs. 

Found  ‘7o;  C  55.95,  55.90;  H  4.27,  4.96.  CigHijOeN^.  Calculated  ‘T,:  C  55.95;  H  4.70. 

Piienazinc  from  o-phcnylcnediamine  and  5,G-dioxobcMizimidazolonc.  To  a  suspension  of  200  mg  of  quinone 
in  25  ml  of  boiling  glacial  acetic  acid  was  added  400  mg  of  o-phcnylenediamine  in  small  portions.  The  mix¬ 
ture  was  heated  at  the  boil  for  a  few  minutes  until  the  whole  of  the  quinone  had  dissolved.  Boiling  water  (25  ml) 
was  then  added,  and  the  solution  was  treated  with  carbon  and  cooled.  The  azine  was  crystallized  tlirec  times 
from  GO'Jp  acetic  acid.  The  compound  docs  not  melt  at  300°.  It  is  insoluble  in  chloroform, -carbon  tetra¬ 
chloride,  and  benzene,  soluble  in  dioxane  and  acetic  acid,  sparingly  soluble  in  alcohol.  The  solution  in  alkali 
and  in  concentrated  sulfuric  acid  has  a  red  color. 

Found  <70;  N  23.86,  23.75.  C13H8ON4.  Calculated  ^o:  N  23.72. 

Phenazinc  from  o-phcnylcnediamine  and  5,6-dioxo-l,3-dimethyIbcnzimidazolone.  A  mixture  of  400  mg 
of  o-phcnylcnediamine,  400  mg  of  quinonc,  and  7  ml  of  acetic  acid  was  brought  to  the  boil  and  boiled  for 
several  minutes.  After  cooling,  the  precipitate  was  filtered,  washed  witli  alcohol  Oii  the  filter,  and  recrystallizcd 
from  alcohol  and  then  from  acetic  acid.  There  was  obtained  300  mg  of  product  in  the  form  of  bright-yellow, 
small,  fine  needles  which  did  not  melt  at  300°  and  exhibited  a  vivid  green  fluorescence  on  exposure  to  ultra¬ 
violet  light.  Readily  soluble  in  benzene,  acetic  acid,  dioxane,  and  chloroform;  crystallizes  from  alcohol.  The 
solution  in  concentrated  sulfuric  acid  has  a  red  color. 

Found ‘7o:  N  21.13,  21,36.  C15HJ2ON4.  Calculated  <70:  N  21.21. 

Oxime  from  5.6-dioxo‘-l,3-dimctliylbenzimidazoIonc.  To  a  solution  of  0.337  g  of  quinone  in  70  ml  of 
hot  water  was  added  1.5  g  of  hydroxylamine  hydrochloride.  The  solution  was  heated  to  boiling,  transferred  to  a 
graduated  flask,  cooled,  and  made  up  to  100  ml.  The  resulting  precipitate  was  filtered  and  twice  crystallized 
from  water.  The  fine,  orange  needles  (weight  0.250  g)  melted  uusharply  at  214'  (decomp.)  after  drying  at 
105*  for  half  an  hour.  The  compound  crystallizes  from  water,  alcohol,  dioxane,  and  ethyl  acetate;  soluble 
in  acetic  acid,  difficulty  soluble  in  chloroform,  insoluble  in  benzene  and  ligroinc.  Addition  of  Coprantiu  Salt 
[12]  to  a  solution  of  the  oxime  and  sodium  acetate  in  water  leads  to  immediate  precipitation  of  the  brown  copper 
complex  of  the  oxime  which  dissolves  when  hydrochloric  acid  is  added. 

The  mother  liquor  from  the  oxime  synthesis  was  dilnted  five  times  and  poientiometrically  titrated  with 
0,1  N  NaOH;  reaction  of  the  quinone  with  hydroxylamine  hydrochloride  was  found  to  release  exactly  one  equiva¬ 
lent  of  acid. 

Found ‘7o:  N  20.11,  20.16.  C9H5O3N3.  Calculated  oT,;  N  20.28. 
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Mcnsiircmcnt  of  redox  potciiiinis.  The  instrument  was  a  LP-S  potentiometer,  and  a  platinum  -saturated 
calomel  electrode  cell  was  used*  .  Tile  quinliydrone  (20-40  mj^)  was  placed  in  an  acetate -phosphate -borate 
buffer  (pll  of  2  to  4  for  quinonc  (If)  and  of  1-2  for  quinone  (V)].  The  soluflon  was  stirred  and  the  potential 
measured  without  delay  (three  measurements  in  each  buffer).  The  quinliydrone  was  then  crystallized  and  the 
measurements  repeated.  In  iliis  second  scries  the  results  agreed  with  those  In  the  first.  The  measuring  error  was 
estimated  at  \°Jo, 

SUMMARY 

1.  Direct  oxidation  of  5,G-dimethoxy  derivatives  of  benzimidazolone  gave  its  5,6-dioxo  derivatives  which 
readily  form  quinhydroncs  with  Icuco  compounds, 

2.  Results  of  measurement  of  the  redox  potentials  of  the  prepared  o-quinones  reflect  the  considerably 
increased  bond  order  of  carbon  atoms  5  and  6  in  the  benzimidazolone  molecule. 
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PYRAZOLES 
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Original  article  submitted  tVtober  18,  1959 


In  a  study  of  the  hydroxymethylation  of  pyrazoles  with  a  free  NH  group,  it  was  found  [1]  that  in  neutral 
and  alkaline  media  they  all  smoothly  give  1-hydroxymethyI  derivatives.  In  acidic  media  they  gave  polymers, 
which  were  not  examined  closely,  and  a  small  quantity  of  l,4-diliydroxymethyI-3,5-dimethylpyrazoIe.  It  has 
been  reported  [2]  that  in  a  hydrochloric  acid  medium  1,3,5 -trimcthylpyrazolc  with  paraformaldehyde  (20', 

15  days)  gives  the  4-liydroxymeihyl  derivative  (yield  not  mentioned).  1-PhcnyIpyrazole  has  been  hydroxymethyl - 
ated  witli  a  yield  of  57 under  more  drastic  conditions  the  formation  of  dipyrazolylmcthane  was  also  observed 
but  In  a  yield  of  only  10%  [3]. 

Our  first  attempts  at  hydroxymethylation  of  1,3,5-trimethylpyrazole  under  classical  conditions  (anhydrous 
zinc  chloride,  dry  hydrogen  chloride)  were  unsuccessful.  Some  pyrazoles  gave  remarkably  stable  complexes 
with  zinc  chloride  (we  also  observed  formation  of  this  type  of  complex  previously  [4]);  moreover  the  zinchydrox 
ide  complicated  the  furtlter  treatment.  In  the  absence  of  zinc  chloride  and  in  presence  of  concentrated  hydro¬ 
chloric  acid  (2-4  hr  at  50-70")  we  effected  hydroxymethylation  of  some  pyrazoles  in  position  4  of  the  ring 
(I),  but  at  the  same  time  dipyrazolylmethanes  were  formed  (II). 
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The  structure  of  the  prepared  compounds  was  confirmed  by  oxidation  of  two  of  them  (l,3,5-trimcthyl-4- 
hydroxymcthylpyrazolc  and  1 -phenyl-3, 5-dimcthyl -4 -hydroxymcthylpyrazolc)  with  potassium  permanganate  to 
the  corresponding  4 -carboxylic  acids.  The  constants  of  the  latter  were  the  same  as  those  reported  in  tlie  liter¬ 
ature.  It  is  interesting  to  note  that  the  hydroxymetiiyl  group  in  position  4  of  tiie  ring  of  1-aIkylpyrazoIes  is  ex¬ 
tremely  labile:  under  tlic  action  of  acidic  agents  (thionyl  chloride,  hydrogen  chloride)  or  simply  by  the  action 
of  hot  concentrated  hydrochloric  acid  l,3,5-trimcthyl-4-hydroxymcthylpyrazole  (I)  is  easily  converted  to  di- 
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(1 ,0,.')  triiDctliyl --1 -pyrn7,olyl)-incth.inc  (II).  This  is  evidently  due  to  the  plicnoinenon  of  "vlnylogy",  I,  e,  the 
hydroxymethyl  pjoup  in  position  4  behaves  lil<e  the  hydroxymethyl  group  In  position  1  which  is  easily  removed 
by  treatment  with  acidic  agents  [IJ, 

l  or  this  reason  we  were  unable  to  obtain  4-chIoromethyl  derivatives  by  treating  hydroxymethyl  derivatives 
of  l-alkylpyrax.cdes  with  tliionyl  chloride.  However,  whenever  the  pyrazole  ring  contained  phenyl  groups  in  posi¬ 
tion  I  (with  exception  of  l-plicnyl-3,5-ditncthylpyrazoIc)  we  always  obtained  not  hydroxymethyl  but  chloro- 
methyl  derivatives.  In  the  case  of  l-phcnyI-3-methyI-5-chloropyrazoIe  and  1,3,5-triphenylpyrazoIc  only  chloro- 
mcthyl  derivatives  were  obtained  without  traces  of  dipyrazolylmethanes, 

EXPERIMENTAL 

1 ,3,5-Tritiicthyl-4 -hydroxymctliylpyrazolc  (1).  Into  a  three-necked  flask,  fitted  v/ith  reflux  condenser, 
thermometer,  and  bubbler,  were  introduced  11  g  of  1,3,5-trimethyIpyrazoIe  [4]  and  30  ml  of  concentrated  hydro¬ 
chloric  acid.  A  stream  of  dry  hydrogen  chloride  was  passed  through  for  15  min  and  the  mixture  was  heated  to 
50  *.  To  the  reaction  mixture  was  then  added  3,5  g  of  paraformaldehyde  and  the  temperature  raised  to  60*. 

At  60-65*  n  stream  of  hydrogen  chloride  was  admitted  until  the  paraforntaldchyde  had  completely  dissolved 
(-  4  hr).  After  cooling,  the  reaction  mass  was  made  alkaline,  with  cooling,  by  40^a  sodium  hydroxide  solution 
and  extracted  with  butanol.  Tractionation  of  the  butanol  extract  gave  8  g  (57'y<»)  of  l,3,5-trimethyl-4-hydroxy- 
metliylpyrazolc  with  b.  p.  143-145*  (10  mm),  m.  p.  82-83  *  (from  benzene)  [2], 

Found  C  58.98,  58.85;  H  9.09,  9.01.  C^Hi^ONj.  Calculated  C  59.33;  H  8.63. 

Picrate:  m.p,  90-91*  (from  alcohol). 

Found  N  19,01,  18.97.  C^H^ONj'CeHaOTNg.  Calculated  N  18.90. 

Di-(l,3,5-trimetliyl-4-pyrazoIyI)-methane  (II).  a)  A  stream  of  dry  hydrogen  chloride  was  passed  for  2  lu 
into  a  mixture  of  11  g  of  1,3,5-trimethyIpyrazole,  3.5  g  of  paraformaldehyde,  and  25  ml  of  dichloroethane  at 
50  -55  *,  and  the  reaction  mass  was  boiled  for  2.5  hr;  25  ml  of  dilute  hydrochloric  acid  was  then  added,  the 
mixture  was  cooled,  and  the  aqueous  layer  collected.  The  latter  was  neutralized  with  potassium  carbonate,  ex¬ 
tracted  with  chloroform,  and  fractionally  distilled  to  give  9.8  g  (84.4'7o)  of  di-(l,3,5-trimethyl-4-pyrazoIyl)- 
methane  with  b.  p.  197-202“  (3  mm),  m.  p.  66-67'  (from  ligroine). 

Found  C  67.12,  66.95;  H  8.83,  8.78;  N  24.28,  24.07.  Ci3H2oN4.  Calculated  C  67.20;  H  8.67; 

N  24.15. 

Dipicrate;  m.p.  191-192*  (from  alcohol). 

Found  7^:  C  43.32,  43.25;  H  3.96,  3.90;  N  20.43,  20.28.  Ci3H2oN4*2C6H307N3.  Calculated  %:  C  43.33; 

H  3.73;  N  20.28, 

b)  It  was  also  prepared  by  heating  11  g  of  1,3,5-trimethylpyrazole,  8  g  of  dimethylamine  hydrochloride, 
and  3  g  of  paraformaldehyde  in  an  ampoule  to  190  “  for  4  hr.  After  cooling,  the  reaction  mass  was  dissolved 
in  50  ml  of  water  and  made  alkaline  v/ith  AQpJo  sodium  hydroxide  solution.  The  resulting  oil  was  separated  and 
fractionated  in  vacuo.  Yield  8.3  g  (71.5‘7a),  b,  p.  195-197’(2  mm),  m,  p.  67  *, 

Dipicrate:  m.p,  192-193“  (from  alcohol), 

c)  It  was  also  prepared  in  75'7<j  yield  by  boiling  1  mole  of  paraformaldehyde  with  1  mole  of  1,3,5-trl- 
mcthylpyrazole  for  5  hr  in  250  ml  of  concentrated  hydrochloric  acid  or  200  ml  of  50^7o  sulfuric  acid.  Increase  In 
the  proportion  of  paraformaldehyde  to  3  moles  per  mole  of  pyrazole  or  its  decrease  to  {  mole  per  mole,  or  lower¬ 
ing  of  the  heating  period  to  2  hr,  hardly  affected  the  yield  of  compound  (II),  In  all  these  cases  no  hydroxymethyl 
derivative  (I)  was  obtained. 

Attempts  to  synthesize  l,3,5-trimethyl-4-chIoromethylpyrazole.  In  a  three  necke»I  flask,  fitted  with  stirrer, 
dropping  funnel,  and  rellux  condenser  were  placed  7  g  of  l,3,5-trimcthyl-4-liydroxymet'.  ylpyrazole  and  25  ml  of 
anhydrous  carbon  tetrachloride.  Thionyl  chloride  (7  ml)  was  slowly  added  dropwise  with  cooling.  After  this 
operation  the  reaction  mass  was  stirred  for  2  hr  at  room  temperature  and  then  cautiously  poured  into  25  ml  of 
cold  water  with  thorough  stirring.  The  aqueous  layer  was  separated,  neutralized  with  sodium  bicarbonate,  and 
extracted  with  butanol.  The  butanol  extracts  were  fractionated  to  give  3.5  g  (607<j)  of  di-(l,3,5-trimcthyl-4- 
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pyrazolyl)-mcilianc  with  b.  p.  206  -209  *  (5  inm),  m.  p.  66  *  (from  water). 

Dipicratc:  m.  p,  192-193  *  (from  alcohol).  No  depression  in  admixture  with  the  dipicratc  described 
above. 

Into  a  mixture  of  50  ml  of  anliydrous  benzene  and  7  g  of  l,3,5*trimcthyl-4-hydroxymcthylpyrazoIe,  hco^ed 
to  boiling,  was  passed  a  strong  stream  of  dry  hydrogen  chloride' for  an  hour.  At  the  same  time  the  benzene  was 
distilled  off.  The  mass  was  worked  up  iu  the  usual  way  to  give  3,7  g  (64*70)  of  compound  (II)  with  b.  p.  211- 
216  •  (9  mm). 

Dipicratc:  m.  p.  192*  (from  alcohol).  No  depression  of  melting  point  in  admixture  with  the  dipiciate 
described  above, 

l-Ethyl-4-hydtoxymcthyl-3,5-dimcthylpyrazolc  was  prepared  similarly  to  l,3,5-trimcthyl-4-hydtoxy- 
mcthylpyrazolc  from  6.2  g  of  1 -ethyl -3,5 -dimcthylpyrazolc  [4],  2  g  of  paraformaldehyde,  and  25  ml  of  concen¬ 
trated  hydrochloric  acid.  Yield  5.2  g  (65*7o),  b,  p.  145-147*  (10  mm),  m.  p,  72  - 73*  (from  ligroinc). 

Found  *70:  N  18.41,  18.41.  CgHj^Nj.  Calculated  N  18.15. 

Di-(l-cthyl-3,5-diinethyl-4-pyrazolyl)-mcthane  was  prepared  by  heating  of  6.2  g  of  l-cthyl-3,5-dimethyI- 
pyrazolc,  2  g  of  paraformaldeiiyde,  and  10  ml  of  concentrated  hydrochloric  acid  in  a  sealed  tube  at  140  *  for 
4  hr.  The  mass  was  worked  up  in  the  usual  way  to  give  6  g  (83.4*7o)  of  compound  with  b,  p,  196-197"  (14  mm), 

m.  p.  40-41*  (from  ligroinc). 

Found ‘T'o:  N  21.69,  21.40.  CijU^N^.  Calculated  N  21.51. 

Dipicratc;  m.  p,  202-203  “  (from  alcohol). 

Found  <7,:  N  20.04,  19.90.  Ci5H^iN4*2C6H307N3.  Calculated  *70:  N  19.51. 

Hydroxymethylation  of  l-phenyI-3,5-dimethylpyrazolc.  A  mixture  of  17.2  g  of  1 -phenyl -3,5 -dimethyl - 
pyrazolc  [4],  3.6  g  of  paraformaldehyde,  and  25  ml  of  concentrated  hydrochloric  acid  was  heated  to  the  boil 
while  a  stream  of  hydrogen  chloride  was  passed  through  for  4  hr.  The  reaction  mass  was  then  cooled,  neutralized 
with  ammonia,  and  extracted  with  butanol.  Fractional  distillation  gave  3.1  g  (15.4*7>)  of  l-phenyl-4-hydroxy- 
mcthyl-3,5-dimcthylpyrazolc  in  the  form  of  a  viscous,  glassy  liquid  with  b.  p.  155-160*  (2  mm). 

Founder  N  13.75,  13.60.  Ci2Hi40N2.  Calculated  <7):  N  13.85. 

There  was  also  isolated  5.9  g  (33.1*70)  of  di-(l-phcnyl-3,5-dimethyl-4-pyrazoIyI)-methanc  with  b.  p.  255- 
263*  (3  mm),  m.  p.  116- 117  "  (from  ligroinc). 

Dipicratc;  m.p.  144-145*  (from  alcohol). 

Found  *7o:  C  51.76,  51.95;  H  4.00,  3.84;  N  17.03,  17.02.  C23H24N4.2C6H3O7N3.  Calculated  *70:  C  51.60; 
H3.71;  N  17.14. 

Chi  orom  ethyl  at  ion  of  l-phenyI-3-methyl-5-chIoropyrazolc.  Reaction  of  9.6  g  of  l-phenyl-3-methyl-5- 
chloropyrazolc  [5]  with  2  g  of  paraformaldehyde  was  effected  by  heating  in  presence  of  20  ml  of  concentrated 
hydrochloric  acid  for  2  hr.  The  mass  was  worked  up  in  the  usual  manner  to  give  8.5  g  (70.0*7’)  of  l-phenyl-3- 
methyl-5-chloro-4-chloromctJiylpyrazolc  with  b.  p.  164-165*  (8  mm),  m.  p,  39*  (from  ligroine). 

Found  *7o;  C  55.10,  54.93;  H  5.06,  4.88;  N  11.69,  11.50.  C^HioNjCIj.  Calculated  ‘7(,;  C  54.80;  H  4.95; 

N  11.50. 

Chloromcthylation  of  l-phcnyl-3-methylpyrazole.  A  mixture  of  15.8  g  of  l-phenyI-3-methylpyrazole, 

3  g  of  paraformaldehyde,  and  25  ml  of  concentrated  hydrochloric  acid  was  heated  for  1.5  hr.  The  mass  was 
worked  up  in  the  usual  manner  to  give  3.2  g  (15.57o)  of  l-phcnyl-3-mcthyl-4-chloromethylpyrazole  with  b,  p, 
170-174  *  (4  mm),  m.  p.  73-74"  (from  ligroinc). 

Found  *7,:  C  64.20,  64.17;  H  5.64,  5.44.  CuHuNjCl.  Calculated  *7o:  C  63.90;  H  5.37. 

There  was  also  obtained  4.9  g  (30*7o)  of  di-(l-phenyl-3-mcthyl-4-pyrazolyl)-mcthanc  with  b.  p.  265-268* 
(3  mm),  m,  p.  83-84*  (from  ligroinc). 

Found  *70:  C  76.74,  76.50;  116.28,  6.27.  C21H20N4.  Calculated  *70;  C  76.78;  H  6.14, 
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CfiloroincJliyl.itioii  of  l.n.n-iriphcnylpyr.izolc.  A  mixture  of  5  g  of  l,n,5-triphcnyIpyrnzolc,  0.4  g  of 
pnrnforinnklcliyclc,  niid  0  ml  of  coitcciitr.iicd  hydrorhloric  acid  was  heated  in  an  ampoule  at  170*  for  4  hr. 

The  mixture  was  thru  made  alkaline  witli  407^  sodium  hydroxide  solution,  and  the  crystals  were  collected,  washed 
with  water,  and  rccrystallized  from  benzene.  Yield  4.8  g  (82.7'7o)  of  l,3,5-triphenyl-4-chloromcthylpyrazolc  with 
m.  p.  118-119*  (from  benzene). 

round  N  7.02,  7.90.  CjzHitNzCI.  Calculated  <70:  N  8.12. 

l,3,5-TrimcthylpyrazoIc-4-carboxylic  acid.  To  a  hot  solution  of  1  g  of  l,3,5-trimcthyl-4-hydroxymethyl- 
pyrazole  in  20  ml  of  water  was  added  0.3  g  of  potassium  permanganate  portionwisc  with  shaking.  Heating  was 
continued  for  an  hour.  After  the  mass  had  cooled,  the  manganese  dioxide  was  filtered  off  and  twice  washed  with 
10  -  15  ml  portions  of  hot  water.  The  filtrates  were  combined  and  evaporated  to  a  volume  of  5  ml.  The  1,3,5- 
trimcthylpyrazolc-4-carboxyIic  acid  was  precipitated  by  1  :  1  hydrochloric  acid.  The  crystals  (0.6  g)  were  col¬ 
lected  and  washed  with  water.  M.  p.  216-217*  (from  a  mixture  of  benzene  and  ligroine),  in  agreement  with 
the  literature  [6], 

Found  N  18.42.  18.38.  C7H10O2N2.  Calculated  *70:  N  18.15. 

1-Phcnyl -ri.O-ditncthylpyrazole-d-carboxylic  acid.  Into  1  g  of  l-phcnyl-3,5*dirnethyi-4-hydroxymethyI- 
pyrazolc  in  20  tr,l  v;atcr  in  a  100  ml  beaker  was  stirred  portionwise  1.05  g  of  potassium  pprmanganate;  stirring 
and  heating  were  continued  for  15  min.  The  precipitated  manganese  dioxide  was  filtered  and  twice  washed  on 
the  filter  with  hot  water.  The  filtrates  were  combined  and  evaporated.  I’he  solution  was  then  cooled  and  doubly 
diluted  hydrochloric  acid  added.  The  precipitated  l-phenyl-3,5-dimethylpyrazole-4-carboxylic  acid  (0.7  g)  had 
m.  p.  196-197*  (from  benzene)  in  agreement  with  the  literature  [7]. 

SUMMARY 

1.  It  was  shown  that  treatment  of  1-alkylpyrazoles  with  paraformaldehyde  and  hydrochloric  acid  leads  to 
hydroxymethylation  in  position  4  of  the  ring.  Dipyrazolylmethancs  arc  formed  concurrently. 

2.  In  the  ease  of  1-phcnylpyrazolcs  the  sole  reaction  in  general  is  chloromethylatioa  in  position  4  of  the 

ring. 
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It  has  been  shown  [1]  that  2-substItuted  A*-thIazolines  are  of  interest  In  the  search  for  substances  possess¬ 
ing  pharmacological  and  antibacterial  activity.  We  thought  it  might  be  useful  In  this  connection  to  prepare 
derivatives  of  thiazolinc  with  a  7-pyridlne  residue  in  position  2  since  these  compounds  can  be  regarded  as  cyclic 
substituted  thioamides  of  isonicotinic  acid,  and  some  members  of  tlie  latter  class  exhibit  a  relatively  high  anti- 
tubercular  activity  [2]. 

Wc  prepared  2->'-p)Tidyl-A*- thiazolinc  and  2-y-p>Tidyl-5mcthyl-/5f-thiazoline  by  condensation  of  mercap- 
loethylaminc  and  6-mercaptopropylamine  with  4-pyridinenitrile. 

The  most  convenient  route  to  2-(  y-  and  8-pyridyl)-A*-thiazoline- 4-carboxylic  acid  was  found  to  be  reaction 
of  iminocsters  with  the  methyl  ester  of  cysteine  (i.c.  of  0-mercaptoalaninc)  [3].  Iminoesters  ofy-  and  0-pyridine- 
carboxylic  acids  have  not  been  described  in  the  literature.  We  prepared  them  by  treating  a  solution  of  equimolar 
quantities  of  p)Tidincnitrilc  and  anhydrous  alcohol  in  chloroform  with  dry  hydrogen  chloride  and  effecting  conden¬ 
sation  with  the  methyl  ester  of  cysteine  in  aqueous  solution  at  pH  6.  The  resulting  methyl  ester  of  2^y-pyrldyl)- 
A^thiazoline-4-carboxylic  acid  was  converted  to  the  free  acid  and  Its  derivatives  -  amide,  hydrazide,  and 
hydroxamic  acid.  Analogs  were  prepared  by  starting  from  nicotinonitrile. 

A  study  of  the  activity  of  these  compounds  toward  tubercular  mycobacteria  showed  that  they  Inhibit  the 
growth  of  such  organisms  at  relatively  high  concentrations  (1:4500  to  1:16000),  whereas  Isonicotinic  acid  thioamide 
Is  very  much  more  active  (bacteriostatic  action  manifested  at  1:512000  dilution*). 

EXPERIMENTAL 

2-(y.-Pyridyl)-A^-thiazoline  (I),  A  solution  of  2  g  of  mercaptocthylamine  and  2.5  g  of  4-pyridincnitrile 
in  20  ml  of  anhydrous  alcohol  was  boiled  and  stirred  in  a  nitrogen  atmosphere  until  ammonia  ceased  to  be 
evolved  (6  hr).  The  alcohol  was  then  taken  off  in  vacuo  and  ether  was  added  to  the  residue.  Addition  of  ether 
and  its  removal  in  vacuo  were  repeated  a  number  of  times.  The  product  crystallized  and  was  recrystallized 
from  a  1  :  1  mixture  of  heptane  and  benzene.  Yield  quantitative.  Colorless  prisms,  m.  p.  72-73*,  soluble  in 
alcohols,  ether,  benzene,  and  the  majority  of  other  organic  solvents;  insoluble  in  water. 

Found  %.  C  58.58;  H  5.00;  N  17.13;  S  19.20.  CgHgNzS.  Calculated  °Io:  C  58.51;  H  4.91;  N  17.06;  S  19.53. 

Picrate:  m.  p.  179-180"  (from  alcohol). 

Found  %:  C  42.89;  H  2.91;  N  17.58;  S  7.97.  CJ4HUO7N5S.  Calculated  %:  C  42.76;  11  2.82;  N  17.81; 

S8.15. 

frMethyl-2-(y-pyridyI)-  ,^-thiazoline  (II).  A  mixture  of  3.42  g  of  Btncrcaptopropylamine  hydrochloride, 

20  ml  of  sodium  eihoxide  solution  (0,62  g  Na),  and  2.5  of  4'pyridincuitrilc  was  boiled  in  a  nitrogen  atmosphere 

*lhe  tuberculostatic  activities  were  examined  in  the  department  of  chemotherapy  of  the  All-Union  Scientific 
Research  Institute  for  Chemical  Pliarmaceutics  (VNIKhFl)  under  the  direction  of  G.  N.  Pershin  . 
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until  nitrogen  ceased  to  come  off  (5  hr).  The  precipitated  sodium  chloride  v/as  filtered  off,  the  solvent  removed 
in  vacuo,  and  the  oily  residue  dissolved  in  anhydrous  ether.  Tho  solution  was  filtered  from  inorganic  salts  and 
the  ether  was  distilled  off  to  leave  a  yellow  oil  soluble  in  organic  solvents.  It  gave  a  picraie  in  about  30%  yield; 
m.p.  1-10-147*  (from  ethyl  alcohol). 

Found  %:  C  44.00;  11.  3.1  R;  N  10.05; S  7.06.  Cijl IJ3O7N5S.  Calculated  %:  C  44.23;  11  3.22;  N  17.10;  S  7.8?! 

Iminocthyl  ester  of  isonicotinic  acid  (111).  Dry  hydrogeti  cltloride  was  passed  into  a  solution  of  9  g  of 
4-|>yridinonitrilc  in  75  ml  of  anhydrous  chloroform  and  5.2  ml  of  atihydrous  alcohol  cooled  to  Cf.  The  temper¬ 
ature  of  the  reaction  mixture  was  not  allowed  to  rise  above  5*.  When  the  crystals  formed  on  the  liquid  surface 
had  been  converted  into  a  transparctit,  oily  layer  the  stream  of  hydrogen  chloride  was  stopped  and  the  reaction 
mixture  was  left  overnight  in  a  refrigerator.  The  top  layer  cry-stallized.  The  reaction  mass  v/as  then  added  to 
cooled  50%  potassium  hydroxide  solution  (until  the  mass  was  alkaline  to  litmus),  and  the  base  was  extracted  with 
chlorofortn.  The  extract  was  washed  v/ith  water  and  dried  with  potassium  carbctiate.  Removal  of  the  solvent  in 
vacuo  at  room  temperature  left  12.35 g  of  substance  (  ~  85%;  in  the  form  of  a  faint -yellow  oil  which  was  stable 
only  when  kept  in  a  refrigerator.  It  forms  a  picratc  and  hydrochloride  which  break  down  in  course  of  purification. 

Picrate:  m.p.  114-115*. 

Hydrochloride;  m.p.  245-247*. 

Methyl  ester  of  2-(y-pyridyl  >- A -thiazolinccarhoxylic  acid  (IV).  Cysteitie  methyl  ester  hydrochloride, 
prepared  from  6.04  g  of  cysteine  [3],  was  dissolved  in  12  ml  of  nitrogen-saturated  v/ater,  and  the  solution  was 
neutralized  by  concentrated  amtnonia  solution  to  pH  3  in  presence  of  a  stream  of  nitrogen.  To  the  resulting 
solution  was  added  12.35  g  of  ester  (III)  dissolved  in  30  tnl  of  ether.  The  mixture  (pH~  6)  was  shaken  for  30  hr. 

The  ethereal  layer  was  separated  and  the  aqueous  layer  extracted  with  ether.  The  combined  ethereal  solutions 
v/cre  dried  with  magnesium  sulfate  in  presence  of  carbon.  The  compound  crystallized  (after  the  ether  had  been 
taken  off  in  vaetto)  atid  v/as  washed  with  water.  Yield  7  g  ( 64%  calculated  on  the  cysteine).  Rccrystallizatlon 
from  1:1  betizene -heptane  gave  a  product  v/ith  m.p.  71-72*.  Colorless  prisms,  insoluble  in  ligroine,  sparingly 
soluble  in  boilitig  water,  easily  soluble  in  alcohols,  ether,  and  other  organic  solvents. 

Found  °k  C  54.06;  H  4.50;  N  12.49;  S  14.39.  Calculated  %:  C  54.04;  H  4.54;  N  12.60;  S  14.43. 

2-(y-Pyridyl)- A^~thiazoline-*t-carboxylic  acid  (V).  Into  1.11  g  of  ester  (IV)  were  stirred  12.76  ml  of  0.396  N 
barium  hydroxide  solution  and  a  drop  of  phcnoiphihaiciii  soiuu^.i.  ’  .  i-:'  d  'ft m!", 

and  a  further  2  ml  of  the  barium  hydroxide  solution  was  therefore  added.  Stirring  was  continued  for  5  hr  at  room 
temperature.  The  precipitated  barium  salt  was  filtered  off  and  treated  with  1  N  sulfuric  acid.  The  2-(  y-pyridyl)- 
A^-thiazoline-4-carboxylic  acid  came  down  in  admixture  with  barium  sulfate.  The  mixed  precipitate  was  extracted 
three  times  with  hot  alcohol  and  the  extract  decanted  from  the  solid  residue.  Recrystallization  from  alcohol  gave 
0.55  g  (54.4%)  of  substance  with  m.p.  174-175*.  Fine,  colorless  prisms,  soluble  in  boiling  water,  alcohol,  ethyl 
acetate,  insoluble  in  eilier  and  chloroform. 

Found  %;  C  52.09;  H  3.79;  N  13.52;  S  15.11.  CgllsOzNzS.  Calculated  %;  C  51.91;  H  3.87;  N  13.45; 

S  15.39. 

2-(y-PyridyI)-A^-thiazoline-4-carboxylic  acid  amide  (VI).  To  a  solution  of  3.33  g  of  ester  (IV)  in  20  ml  of 
methanol  was  added  25  ml  of  concenirated  ammonia;  colorless  crystals  at  once  started  to  come  out.  The  reac¬ 
tion  mixture  was  shaken  for  3  hr,  and  the  crystals  were  filtered  and  washed  with  aqueous  alcohol.  Yield  2.8  g 
(90%)  of  amide.  M.p.  178-179*  (decomp.)  (from  alcohol).  Colorless  plates,  soluble  in  hot  alcohol  and  water, 
insoluble  in  benzene  and  ether. 

Found  %:  C  52.09;  H  4.60;  N  20.44;  S  15.53.  C9H9ON3S.  Calculated  %;  C  52.17;  H  4.38;  N  20.28;  S  15.47. 

2-(y-PyTidyl)- A^^hiazolino-Hiydroxamic  acid  (VII).  Hydroxylamine  hydrochloride  (0.14  g)  in  anhydrous 
methyl  alcohol  (10  ml)  was  neutralized  with  sodium  methoxide.  Absolute  ether  was  added  to  the  solution,  the 
sodium  chloride  filtered  off,  the  ether  distilled  in  vacuo,  1.11  g  of  ester  (IV)  added  to  the  residual  mcthanolic 
solution,  and  the  mixture  stirred  at  room  temperature.  Crystals  appeared  in  the  solution  after  0.5  hr,  and  after 
3  hr  these  were  filtered  off  and  washed  with  alcohol.  Yield  0.82  g  (73.9%).  M.p.  165-166“ (dccomp.)  (from  50% 
alcohol).  Fine,  colorless  prisms,  soluble  in  watcr,‘lcss  readily  soluble  in  alcohol  and  dioxanc,  insoluble  In  acetone, 
ethyl  acetate,  chloroform,  and  ether. 
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Found  C  48.35;  H  4.10;  N  18.73;  S  14.46.  C^HjOjNjS.  Calcul.iicd  <70:  C  48.42;  H  4.07;  N  18.82; 

S  14.36. 

2-(y-Pyrldyl)-A*^^hi.^7.o^in<^4-c.^rboxylic  acid  hydrazidc  (VIII).  Ester  (IV)  (1.11  g)  in  methyl  alcohol  (20  ml) 
and  hydrazine  IjyJratc  (0.34  g)  were  stirred  at  room  temperature  for  5  hr.  During  this  operation  a  precipitate 
gradually  came  down.  The  hydrazide  (yield  quantitative)  melted  at  166-167*  (decomp.)  after  rccrystallization 
from  80%  alcohol.  Colorless  prisms,  sparingly  soluble  in  water,  alcohol,  and  dioxanc,  insoluble  In  benzene, ether 
and  chloroform. 

Found  %:  C  48.64;  H  4.52;  N  24.99;  S  14.50.  Calculated  %;  C  48.63;  H  4.53;  N  25.21; 

S  14.42. 

Imlnocthyl  ester  of  nicotinic  acid  (IX).  Prepared  from  12  g  of  6-pyridinenitrilc  by  the  method  described 
for  the  y-analog.  A  yellow  oil  ,  soluble  in  organic  solvents,  insoluble  in  water.  Yield  14.9  g  (86%). 

Picraie;  m.p.  108-110*. 

Hydroclilorlde;  m.p.  224-226*. 

Methyl  ester  of  2-(  6-p>Tidyl)-A^nhiazoline-4-carboxylic  acid  (X).  A  mixture  of  cysteine  methyl  ester  (from 
8  g  of  cj'Stcine)  and  iminoestcr  (IX),  prepared  under  the  conditions  for  preparation  of  ester  (IV),  was  stirred  mecha 
nlcally  for  24  hr,  and  worked  up  in  similar  fashion.  Removal  of  the  solvent  left  a  yellowish  oil  that  distilled  in 
vacuo  at  178-179*  (0.4-0.6  mm).  Yield  10.4  g  (70.9%).  A  yellow  oil,  insoluble  in  water  and  ligroine,  soluble 
In  alcohols  and  other  organic  solvents. 

Picrate;  m.p.  131-132*  (from  alcohol). 

Found  %;  C  42.12;  H  2.89;  N  15.47;  S  7.46.  C,^H.  O  N,S.  Calculated  C  42.50;  H  2.91;  N  15.52; 

16  13  9  S 

S  7.12. 

Hydrochloride;  m.p.  126.5-129"  (from  a  mixture  of  alcohol  and  hydrogen  chloride-containing  ether). 

Found  %:  Cl  23.89.  C,,H  O  N  SCI  •  Calculated  %:  Cl  24.04. 

10  12  2  2'  ^  2 

2-(  P-Pyridyl>  A^fhiazoline-4-carhoxylic  acid  (XI).  A  mixture  of  1.66  g  of  ester  (X)  and  20  ml  of  0.394  N 
barium  hydroxide  solution  was  stirred  for  3  hr  on  a  water  bath.  After  cooling,  8.8  ml  of  1  N  sulfuric  acid  was 
added.  The  precipitated  mixture  of  barium  sulfate  and  acid  (XI)  was  filtered  and  extracted  three  times  with  hot 
alcohol  (100  ml  each  time).  The  alcoholic  solution  was  decanted  and  ueated  with  carbon,  and  the  solvent  was 
partly  taken  off  in  vacuo.  Yield  1.25  g  (80.4%)  of  crystalline  acid  (XI).  M.p,  179-180  (decomp.)  (from  alcohol) 
Fine,  colorless  crystals,  soluble  in  boiling  water,  alcohol,  and  ethyl  acetate,  insoluble  in  chloroform,  benzene, 
and  ether. 

Found  %:  C  51.59;  H  3.38;  N  13.13;  S  15.17.  C  H  0,N,S.  Calculated  %:  C  51.91;  H  3.87;  N  13.40; 

S  15.39. 

2-(  6-Pyridyl)-A^-thiazoline-4-carboxvlic  acid  amide  (XII).  A  solution  of  1.11  g  of  ester  (X)  In  1  ml  of 
methyl  alcohol  and  10  ml  of  concentrated  ammonia  were  shaken  lor  3  hr.  The  resulting  crystals  were  filtered 
and  washed  with  aqueous  alcohol.  Yield  0.95  g  (92.2%.  M.p.  178-179*  (decomp.)  (from  alcohol).  Colorless 
plates,  sparingly  soluble  in  alcohol  and  water,  insoluble  in  chloroform  and  ether. 

Found  %:  C  52.38;  H  4.42;  N  20.28;  S  15.42.  C^H^ON  S.  Calculated  %;  C  52.17;  H  4.38;  N  20.28; 

S  15.47.  ’ 

2-(  fi -Pyridyl)- A^-thiazolinc-»14iydroxamic  acid  (Xlll).  Prepared  similarly  to  the  y-analog,  starting  from 
1.33  g  of  (X)  and  0.42  g  of  hydroxy laminc  hydrochloride.  Yield  1.02  g  (76.7%).  M.p.  172-173*  (decomp.) 

(from  85%  alcohol).  Fine,  colorless  prisms,  very  difficultly  soluble  in  water,  alcohol,  and  chloroform,  insoluble 
In  ether  and  ethyl  acetate. 

Found  %;  C  48.65;  H  4.21;  N  18.44;  S  14.59.  C  H^O^N^S.  Calculated  %:  C  48.42;  H  4.07;  N  18.82; 

S  14.36.  * 

2-(  fi-Py^ridyl)-  A^~<hia2olinc-4-carboxylic  acid  hydrazide  (XIV).  The  procedure  was  the  same  as  for  the 
y-pyridyl  derivative,  starting  from  1.11  g  of  ester  (X)  and  0.34  ntl  of  hydrazine  hydrate.  Yield  quantitative. 
M.p.  161-162*  (dccomp.)  (from  80% alcohol).  Colorless  needles,  sparingly  soluble  in  water,  alcohol,  dioxane, 
and  ethyl  acetate,  insoluble  in  ether  and  benzene. 
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Found  ‘7o;  C  48.58;  II  4.52;  N  25.21;  S  14. G7.  C^Hj^ON^S.  Calculated  <7o;  C  48.63;  II  4.53;  N  25.21; 

S  14.42. 

SU  MM  ARY 

1.  Condensarion  of  mcrcaptoctliylamlnc  and  of  B-mcrcaptopropylanilnc  with  y-pyrldlncnltrlle  gave  2- 
(y-pyrldyl)  -  5-incthyl- A* -thiazoline. 

2.  Condensation  of  cysteine  methyl  ester  with  Irnlnocstcrs  of  nicotinic  and  Isonlcotlnlc  acids  gave  esten 
of  2-(B-  and  y-p)Tldyl)-A*-thiazoline-4-carboxylic  acids,  from  wliich  the  acids  and  their  derivatives  were  prepared, 
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Preparation  of  dimethylisoxanthine  from  1,3,  8,  9<etramethylisoxanthine  was  described  In  preceding  com¬ 
munications  [1,  2].  Detachment  of  two  methyl  groups  from  compound  (I)  proceeded  through  the  step  of  formation 
of  8-chloroisocaffeine  (II)  [3]  in  accordance  with  the  scheme: 


HjC-rl— CO 

i;  ‘I 

CO  C-N. 

1,  .1  rtcc", 

HjC-N  — C-  N'^ 

(I) 


Scheme  A 
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- -  CO  C-N 


HjC-N  — C~N^ 
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i  II  ^CH- 
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I  I 

J  CO  C-N 
I  I  II  ^ 

-N-C-N' 


CCl 


•  HjC-N  — CO 

I  I 

CO  C-N, 


LU  t-Nv 

I  II  \ci 

H, C-N— C-N/ 

(l0\ 

f-N-CO 

I  l_ 

l-N-C-N/ 


The  first  objective  of  the  present  work  was  to  conclusively  establish  the  positions  of  the  methyl  groups  in 
the  dimethylisoxanthine  formed  in  the  above  reactions.  One  of  them  is  undoubtedly  located  at  which  is 
fixed  by  the  A^‘*  in  the  imidazole  portion  of  the  molecule.  This  follows  from  the  properties  of  the  compound 
obtained,  from  comparison  of  its  ultraviolet  spectrum  with  the  spectra  of  other  isoxanthines [3],  and  from  the  re¬ 
sults  of  its  oxidation  with  potassium  dichromatc  in  sulfuric  acid  [4].  The  last  reaction  leads  to  formation  of 
methylparabanic  acid  with  retention  of  the  imidazole  ring.  The  presence  of  a  methyl  group  was  confirmed  by 
analysis.  But  the  position  of  the  second  N-methyl  group  (in  the  pyrimidine  ring)  was  unknown.  The  earlier  con¬ 
jecture  that  it  was  linked  to  Nj  and  not  to  N3  lacked  experimental  proof  since  it  was  based  only  on  comparison  of 
the  melting  point  of  the  prepared  compound  (350*)  with  the  literature  data,  namely  with  the  melting  points  of 
l,9dImcthylisoxanthine  (350*)  and  3,9<limcthylxanthinc  (364*)  [5].  The  required  confirmation  was  obtained  by 
synthesis  of  1, dimethylisoxanthine  (III)  and  its  comparison  with  the  dimethylisoxanthine  obtained  from  com¬ 
pound  (II).  Compound  (Hi)  was  synthesized  by  scheme  B,  i.c.  by  condensation  of  l-methyl-4,5-diaminouracil 
(IV)  with  methyl  thioisocyanate,  cyclization  of  the  resulting  ureide  (V),  and  desulfurization  of  the  l,9<limethyl- 
8-thiouric  acid  (VI)  [cf.  5,  6). 
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Scheme  B 


lInC-N-— CO  ||.,(;_N--CO 

I  I - V 

CO  C--  Nllj 


II.N - C-.  NII^ 

(IV) 

. CO 

I  I 
CO  C— Ml 
\ 


CS 

,v„ 


CO  C-NIICSNIICII, 

I  i| 

ll.\ - C-NMi 

(V) 

lljC-N  — CO 
N'TN'»i  [  .  [ 

CO  c— N 

I  I 

IIN— -C-N/ 

\ 

cir, 

(III)  u  “  n,  (I X)  u "  Hr. 


The  l.lTdimethylisoxnnthinc  (III)  obtnined  in  this  manner  was  found  to  be  identical  with  tlie  dimcthyllso- 
xanlhine  prepared  !)y  scheme  A.  The  identity  of  the  chloroaurates  of  both  compounds  was  also  established. These 
data,  in  i.oiijuncticn  wiili  the  results  of  oxidative  cleavage  of  the  dimethylisoxanthine  concerned,  demonstrate 
that  chlorine  acts  on  compound  ( II)  under  tlie  previously  described  conditions  [2]  with  replacement  by  chlorine 
of  one  of  the  hydrogens  of  the  methyl  group  at  and  with  subsequent  hydrolytic  cleavage  of  this  chloromcthyl 
group. 

The  second  objective  of  this  investigation  was  the  improvement  of  the  method  of  preparation  of  1,9-dfme- 
thylisoxanthine  from  compound  (I),  A  study  was  made,  in  this  connection,  of  the  possibility  of  simultaneous 
removal  of  two  methyl  groups  in  (I)  and  intermediate  formation  of  a  tetrachloride,  namely  ikrichloromethyl-D- 
monoehloromcthyl-1 ,9\limcthylisoxanthinc  (VII).  Investigation  of  the  replacement  of  four  hydrogens  in  (I)  by 
chlorine  atoms  showed  tliat  replacement  of  tlic  three  hydrogen  atoms  of  the  metliyl  group  in  position  8,  l.e. 
formation  of  Sirichloromcthyl-l,  3,  '.Hrimethylisoxanthine  (VIII),  goes  with  very  great  facility  if  three  moles  of 
chlorine  arc  passed  into  a  suspension  of  (I)  in  an  organic  solvent  heated  to  95-100*  [2].  Introduction  of  a  fourth 
atom  of  chlorine  into  the  Nmicthyl  group  of  intermediate  compound  (VIII)  requires  a  higher  temperature  and  the 
employment  of  a  considerable  excess  of  clilorine.  A  pure  tetrachloro  compound  v/ii’n  m.p.  177-17S’  could  be 
isolated  from  the  mixture  resulting  from  such  a  chlorinating  treatment.  It  was  hydrolyzed  with  water  with  loss 
of  four  equivalents  of  llCl  and  one  equivalent  of  formaldehyde  to  form  a  dimethylisoxanthine  identical  with  the 
l.iklimcthylisoxanthine  pr<  viously  obtained  by  schemes  A  and  B.*  It  was  established  in  this  manner  that,  in¬ 
stead  of  the  accepted  conversion  of  methylcaffeine  into  theophylline  [7],  the  fourth  chlorine  atom  enters  not  In 
the  imidazole  ring  but  in  the  Nunethyl  group  of  the  pyrimidine  ring  in  position  3. 

The  tetrachloro  derivative  (VII),  which  can  also  be  prepared  by  the  action  of  chlorine  on  pure  8-trichloro- 
methylisocaffeine  (Vlil),  is  extremely  soluble  in  organic  solvents,  its  solubility  approaching  that  of  other  chloro 
derivatives  (I);  its  separation  from  the  mixture  of  chloro  derivatives  is  therefore  associated  with  serious  losses. 

By  contrast,  the  product  of  its  hydrolj'sis-  1,9-dimcthylisoXcTntliine  (III)  —  differs  markedly  from  the  other  products 
of  hydrolysis  by  virtue  of  its  poor  solubility  in  water,  its  ability  to  dissolve  in  caustic  alkalies  and  to  separate 
from  alkaline  solutions  on  acidification,  its  low  basicity,  and  other  properties.  These  differences  permitted  the 
development  of  a  method  of  preparation  of  (III)  based  on  chlorination  of  (I)  in  chlorobenzene  at  120*  with  excess 
of  chlorine  (7-8  moles  instead  of  4)  and  subsequent  hydrolysis  of  the  total  chlorinated  substances.  Compound  (III) 
separates  from  tlie  resultant  mixture  at  pll  1-3,  i.e.  wlicn  tlie  remaining  (more  highly  basic)  products  arc  retained 
in  solution  as  hydrocliloridcs.  This  simplified  method  of  preparation  of  l,fklimethylisoxanthinc  (scheme  C) 
excludes  the  separation  of  intermediate  substances  (VII)  and  (VIII).  Witli  its  smaller  number  of  steps  it  has  un¬ 
doubted  advantages  over  (lie  previously  described  scheme  A  [3]. 


•  The  components  of  the  difficultly  separable  mixture  of  chlorinated  compounds  gcncr.-lly  do  not  depress  the 
melting  points  of  one  another.  The  purity  of  the  tetrachloro  derivative  with  m.p.  177-178*  was  confirme*!  by 
analysis,  by  titration  of  the  solution  resulting  from  hydrolysis  of  a  weighed  sample,  and  by  quantitative  d'-.tcrml- 
nation  of  the  formaldehyde  tlicreby  formed. 
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Fig.  1.  Infrared  spectra  of  l.O^imethylisoxanthine 
obtained  by  schemes  A,  B,  and  C. 


HdCl 


Fig.  2.  Infrared  spectra  of  the  bromo  derivative  of 
1,9 dimethylisoxanthine preparedby  schemes  A,  B.and 

C. 


The  identity  of  the  dimethylisoxanthine  obtained 
from  (I)  by  schemes  A  and  C  with  tlie  1,9-dImcthyliso- 
xanthinc  synthesized  by  scheme  B  was  further  confirmed 
by  comparison  of  their  infrared  spectra  (Fig.  1)  as  well 
as  by  brominatlon  of  the  three  samples  of  dimethyliso¬ 
xanthine  by  bromine  In  glacial  acetic  acid.  This  broml- 
natlon  led  in  all  cases  to  formation  of  one  and  the  same 
compound  (IX)  —  8-bromo-l, dimethylisoxanthine.  This 
was  confirmed  by  determination  of  the  melting  points 
of  mixed  specimens  and  by  comparison  of  the  infrared 
spectra  (Fig.  2)  of  the  products  of  brominatlon.  The  lo¬ 
cation  of  the  bromine  at  is  established  in  the  next 
communication  In  this  series. 

EXPERIMENTAL 

l-Methyl-4-amino-5-(  3'-mcthylthioureldo)  - 
uracil  (V).  A  mixture  of  6.4  g  of  1  -  methyl-4, 5-diaml- 
nouracil,*  3.24  g  of  SCNCH3,  and  45  ml  of  alcohol  was 
stirred  at  the  boil  for  6  hr.  The  filtered  precipitate  was 
washed  and  used  In  the  cyclization  reaction  without 
purification;  yield  8  g.  It  was  crystallized  twice  from 
water  before  analysis. 

Found  *70:  N  30.72.  C^H^jO^NsS.  Calculated  °Jo: 

N  30.57. 

1.9- bimcthyl-8-thiouric  acid  (VI).  A  mixture 
of  6.6  g  of  (V)  and  60  ml  of  concentrated  hydrochloric 
acid  was  boiled  for  an  hour,  cooled,  and  filtered.  The 
crystalline  precipitate  was  v/ashed  with  hydrochloric 
acid,  water,  and  alcohol;  yield  5.6  g  [5].  The  crystals 
were  crystallized  twice  from  water  before  analysis. 

Found  N  26.17.  C^HjO^N^S.  Calculated 
N  26.41, 

1.9- Dimethyl-A^'*  -isoxanthinc  (III).  In  the 
course  of  3  hr  13.5  g  of  sodium  nitrite  was  aded  in  small 
portions  with  energetic  stirring  to  a  mixture  of  5.2  g  of 
(VI)  and  21  ml  of  6  N  hydrochloric  acid.  Warm  water 
(50  ml)  and  a  little  hydrochloric  acid  were  added  after 
2  hours’  stirring.  The  filtered  solution  was  neutralized 
with  ammonia  to  pH  4-4.5,  and  the  precipitate  was 
collected  (4.1  g)  and  crystallized  from  250  ml  of  water. 
Yield  3  g  of  (III)  with  m.p.  337-338*  (dccomp.).  After 
three  crystallizations  the  compound  melted  at  350-350.5' 
(dccomp.).  For  analysis  it  was  dried  at  130*. 

N  31.11. 


Found  *70:  N  30.67.  C^HjO^N^.  Calculated 

8-Trichloromcthyl-l  ,9- dim  ethyl- 3- monochloromcthvl  isoxanthine  (VI  I),  a)  From  1,3,  8,  9-tetramethyU- 
soxanthinc  (1).  Excess  of  dry  chlorine  (—  10  g)  was  passed  through  a  stirred  suspension  of  5  g  of  (I)  [1]  in  100  ml 

•  l-Mcthyl-4,5-diaminouracil  was  prepared  from  l-methyl-4-amino-5-Isonitrosouracil  by  reduction  with  sodium 
hydrosulfiie  in  formamidc  with  addition  of  formic  acid  [8]  or  by  treatment  with  zinc  dust  in  5 O^  formic  acid  [9] 
followed  by  hydrolysis  of  the  resulting  l-mcthyl-4-amino-5-formylaminour3cil.  The  authors  arc  extremely 
grateful  to K.  A,  Chkhikvadzc  who  kindly  supplied  the  l-mcthyl-4-aminouracil.  We  also  thank  Yu  N.  Sheinker  and 
his  colleagues  for  examining  tlic  infrared  spectra  of  our  preparations. 
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of  dry  chlorobenzene  heated  to  118-120*;  the  solid  gradually  went  into  solution  and  heating  was  continued  at  the 
same  temperature  for  an  hour.  The  excess  of  chlorine  was  purged  out  by  a  stream  of  dry  air  and  the  chloroben¬ 
zene  was  di';'!’'!  in  vacuo  (temperature  not  above  80’,  volume  of  residue  ~  10  ml).  After  cooling,  the  yellow 
crystals  were  su.  tion -filtered  and  washed  v/ith  cold  benzene.  The  solid  (weight  6.37  g,  m.p.  182-184’)  was  then 
boiled  with  20  ml  of  benzene  and  filtered  hot  [0.58  g  of  impure  (VIII)  with  m.p.  193-194’  •  did  net  dissolve]; 
the  filtrate  deposited  5.28  g  of  crystals  with  m.p.  184-186’,  consisting  of  compound  (VTl)  with  a  small  admixture 
of  product  (VIM).  1  his  Impurity  could  be  separated  by  crystallization  from  ethyl  acetate,  in  which  (VIII)  Is  less 
soluble  than  (Vil),  or  from  chloroform.  In  the  latter  case  compound  (Vlii)  is  retained  in  the  mother  liquor.  Mumc 
rous  purifications  yielded  pure  (Vll)  with  m.p.  177-178’. 

Stout,  transparent  prisms,  solubility  at  the  boil  in  chloroform  1:12,  in  trichloroethylene  1:24,  in  ethyl  ace¬ 
tate  1:10,  in  benzene  1:6.  Crystallizes  from  benzene  with  two  moles  of  solvent. 

Found  ‘7o;  C  31.40;  H  2.5.  Cl  40.94;  N  15.93;  C^H^O^N^Clj.  Calculated  %:  C  31.21;  H  2.6.  Cl  41.04; 

N  16.18; 


A  mixture  of  0.3721  g  of  pure  (VII)  and  2  ml  of  water  was  boiled  for  3  hr.  The  solution  was  neutralized 
to  Methyl  Orange  with  1  N  NaOll;  the  consumption  of  alkali  was  ccjuivalent  to  4  moles  of  HCl.  Cooling  led  to 
separation  of  0.1849  g  (95.5^o)  of  1 ,9-dimethylisoxanthine  with  m.p.  350-352’  (dccomp.).  A  mixture  with  (III) 
prepared  from  (VI)  melted  at  350-352’  (decomp.). 

h)  From  8-trichloromothyl-l  ,3,9-trimethylisoxanthinc  ( VllI).  A  mixture  of  5  g  of  (VIll)  [2]  and  a  solution 
of  1.45  g  of  chlorine  in  16  ml  of  POCI3  heated  for  14  hr  in  a  tube  at  100’,  the  POCI3  was  distilled  off,  and 
the  residue  treated  with  ether.  The  crystalline  product  (weight  3.64  g,  m.p.  144-154’  with  decomp.)  was  twice 
crystallized  from  ethyl  acetate.  Yield  1.69  g  with  m.p.  172-176’,  rising  to  176-178’  after  recrystallization.  A 
mixture  with  compound  (VII)  prepared  by  method  a)  melted  at  176-178’. 

c)  In  the  course  of  1.5  hr  excess  of  dry  chlorine  (  ~  4  g)  was  passed  Into  5  g  of  (VIII)  in  70  ml  of  dry 
chlorobenzene  heated  to  115-120’;  heating  was  continued  for  another  hour  at  the  same  temperature,  the  excess 
of  chlorine  was  purged  out  by  a  stream  of  dry  air,  the  chlorobenzene  was  distilled  off  in  vacuo,  the  residue  (5-7 
ml)  was  cooled,  and  the  crystals  suction-filtered  (weight  3.75,  m.p.  176-177’).  A  mixture  with  pure  product 
(VII)  melted  at  176-178’.  After  rccrystallization  from  ethyl  acetate  the  m.p.  was  177-178*. 

Found  Cl  41.43;  N  16.25.  C,Hg02N^Cl^.  Calculated  "/o:  Cl  41.04;  N  16.18. 

After  2. 2839  g  of  substance  with  m.p.  176-177’  had  been  boiled  with  10  ml  of  water  for  3  hr,  the  solution 
was  neutralized  witli  1  N  NaOlI  solution  in  presence  of  Methyl  Cirangc;  neutralization  consumed  OO^/o  of  the  cal¬ 
culated  quantity  of  alkali.  Compound  (III)  came  down;  weight  0.6664  g  (56. 2*’/.),  m.p.  348-350’  (dccomp.).  A 
mixture  with  compound  (III)  prepared  from  compound  (II)  [3]  melted  at  348-351’  (decemp.). 

1.9-Dimcthylisoxanthinc  (III).  In  the  course  of  5  hr  248  g  of  dry  chlorine  was  passed  into  a  suspension  of 
104  g  of  dry  (I)  in  1000  ml  of  dry  chlorobenzene  at  118-120’.  At  first  a  fast  stream  of  chlorine  was  admitted,but 

•  Ami.xcd  sample  of  pure  (VII)  with  rn.p.  177  -178*  and  (VIII)  with  m.p.  214.5  -215*  (1 : 1)  melted  at  193  -194*. 
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after  completion  of  dissolution  (~  1  hr)  it  was  slowed  down.  Crystals  came  out  on  cooling  and  were  collected 
(weight  93  g,  rn.p.  137-M3*),  and  the  filtrate  was  concentrated  to  a  small  volume  in  vacuo  at  -70*  and  cooled. 

After  3-4  hr,  the  crystallized  mass  was  filtered  to  give  an  additional  62  g  of  substance  with  m.p.  135-140*.  The 
total  unpurified  compound  (VII)  (155  g)  was  boiled  for  3  hr  with  800  ml  of  water,  decolorized  with  carbon,  and 
cooled.  The  solution  was  neutralized  and  white  crystals  came  down  from  the  solution  at  pH  3;  weight  52. G  g, 
m.p.  337-338*  (dccomp.).  Crystallization  from  2300  ml  of  water  gave  37.75  g  with  m.p.  347.5-348*  (decornp.). 

Evaporation  of  tlie  aqueous  mother  liquors  gave  an  additional  3  g  with  m.p.  347-348*  (decomp.).  Total 
yield  of  compound  (Ill)  40.75  g  (45.3 ‘7'’).  Mixtures  with  compound  (111)  prepared  by  schemes  A  [3]  and  B  melted 
at  347-348*  (dccomp.). 

For  analysis  the  compound  was  crystallized  twice  from  water  and  dried  at  130*  to  constant  weight.  Fine, 
small,  wliitc  needles  with  m.p.  350-351*  (decotnp.). 

Found  ‘7-':  C  4C.3G;  II  4.02.  N  30.8;  C^i,OjN^.  Calculated  ‘7’:  C  46.66;  H  4.44;  N  31.11. 

Oxidation  of  1 ,9-dimcthylisoxanthinc  (MI).  Preparation  of  mcthylparahanic  acid.  A  mixture  of  4  g  of 
(HI),  a  solution  of  7.1  g  of  K2Cr207,  and  9.35  g  of  cone.  H2SO4  in  75  ml  of  water  was  boiled  for  5  hr;  the 
cooled  reaction  mass  was  extracted  several  times  with  ether;  weight  of  residue  after  evaporation  of  the  ether 
0.85  g,  m.p.  150-152*,  rising  to  152.5-153.5*  after  crystallization  from  water.  Literature  [4):  m.p.  151*. 

Found  ^01  N  21.49.  C.H,0,N,.  Calculated  %  N  21.87. 

4  4  3  2 

The  ether-extracted  aqueous  solution  was  neutralized  to  pH  7  and  evaporated  to  dryness.  Ether  extraction 
of  the  dry  residue  yielded  a  further  0.9  g  of  substance  with  an  unsharp  melting  point  and  melting  at  145-147*  after 
crystallization  from  water. 

Chloroaiiratc  of  compound  (III).  Addition  of  0.5  ml  of  15*70 HAuCl^  solution  to  a  solution  of  0.05  g  of  (III), 
prepared  by  scheme  A,  in  1  ml  of  concentrated  hydrochloric  acid  led  to  deposition  of  0.11  g  of  salt  in  the  form 
of  yellow  needles;  m  .p.  250*  (dccomp.).* 

Chloroaurates  prepared  from  compound  (HI)  synthesized  by  methods  B  and  C  have  the  same  crystal  form 
(needles)  and  melt  at  250*  (dccomp.).  Mixed  samples  melt  at  250*  (decomp.). 

8-Bromo-]  .9-dimctliylisoxaiithinc  (IX).  To  a  suspension  of  3  g  of  (III),  prepared  by  scheme  A,  in  60  ml  of 
boiling  glacial  acetic  acid  was  slowly  added  3  ml  of  bromine.  A  voluminous,  dark-red  precipitate  came  down 
from  the  transparent  solution  formed  after  addition  of  the  first  drops  of  bromine;  its  color  gradually  changed  to 
bright  yellow.  After  the  whole  of  the  bromine  had  been  added,  the  precipitate  was  separated  and  washed  with 
acetic  acid  and  alcohol;  weight  4.2  g,  m.p.  265-266.5*  (dccomp.).  Crystallization  from  700  parts  of  boiling 
water  gave  colorless,  elongated  rhombs  with  m.p.  277-278*  (dccomp.). 

Found  *70;  C  32.58;  H  2.84;  Br  31.05.  C^H^O^N^Br.  Calculated  C  32.43;  H  2.70;  Br  30.89. 

The  reaction  leading  from  substance  (III)  prepared  by  scheme  B  to  8-bromo-l,9-dimethylisoxanthine  is 
identical  with  the  reaction  starting  from  (III)  prepared  by  scheme  C.  The  Br  contents  of  the  respective  products 
are  31.01  and  30.84*70.  A  mixed  sample  melts  at  277-278*. 

SUMMARY 

1 .  Reaction  of  8-irichloromcthyl-l,3,9-trimcthylisoxanthinc  with  excess  of  chlorine  leads  to  replacement 
by  chlorine  of  one  of  the  hydrogen  atoms  at  N^;  hydrolysis  of  the  resulting  8-trichloromethyl-l,9-dimethyl-3- 
monochloromcthylisoxanthinc  leads  to  detachment  of  two  chloromcthyl  groups  (at  and  C^)  with  formation  of 
1,9-dimcthylisoxajithine  identical  with  the  1 ,9-dimcthylisoxanthine  synthesized  for  comparison  from  1-methyl- 
4,5-diaminouracil  and  methyl  thioisocyanatc. 

2.  The  method  of  preparation  of  1,9-dimethylisoxanthinc  from  1,3,8,9-tctramcthylisoxanthine  through  the 
step  of  formation  of  8-tricliloromcthyl-l ,9-dimcthyl-3-monochloromcthylisoxanthinc  was  simplified  by  chlor¬ 
ination  of  1 ,3,8,9-tctramcthylisoxanihinc  with  excess  of  chlorine  and  hydrolysis  of  the  chlorination  product  without 
separation  of  intermediates. 

*  M.p.  255*  (dccomp.)  is  reported  [5]  for  the  chloroaurate  of  1,9-dimcthylisoxanthinc.  The  same  source  a  Iso  mentions  the 
acicular  shape  of  the  ciystals.  The  chloroaurate  of  3, 9-dimethyl  isoxanthine  has  also  been  described;  its  melting  point  [5] 
isgivenas297-300*(decomp.)and  It  issaid  tocrystallize  in  clusters  of  fine,  microscopic  crystals. 
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3.  Ditncthylisoxaiuhlnc ,  previously  obtniticd  by  dcnicthylatloii  of  1,3,8,0-tctrarncihyllsoxanthlne  via  the 
step  of  formation  of  8-chloro-l,3,9-trimcthyUsoxanihlne,  is  Identified  as  1,9-diniethylisoxanthlnc. 
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The  present  paper  describes  the  synthesis  of  some  8-alkoxy  derivatives  of  isocaffeinc  (1,3,9-trImcthylIso- 
xanthiiic)  and  of  1 ,9-dimcihylisoxanthinc  (I).  The  starting  substances  for  synthesis  of  these  compounds  were  the 
previously  described  8-halo  derivatives  of  methylated  isoxanthincs  [1,  2]  and  in  particular  8-chloroisocaffelne 
(H)  and  8-chloro-l,9-dimcthyIisoxanthinc  (111). 


CH3-N-CO 

do  C— N. 

I  II  >CH 
UN  — C-N/ 


\ 


CII, 


(I) 


HjC— N-CO 

I  I 

CO  C-N. 

I  II  >CCl 

H3C-N— C-N/ 

\ 

CII3 

(11) 


II3C-N-CO 

I  I 

CO  C-N. 

I  II  >Gon 

H  C-N-C-N/ 

\ 

CII3 

(IV)  K=:r.H.ocn,cii„ 
(V)  Jt  =  C,lI,. 


II3C— N-CO 
•  CO  d-N 


^CCl 


n^c-N-co 

I  I 

CO  C— N. 


\ 


(111) 


ClI, 


VjV  V#— I'v 

I  J!  >coi\ 

\ 

C1I3 
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The  synthesis  of  8-(2'-methoxyethoxy)isocaffeine  (IV)  and  8-(2'-mcthoxyethoxy)-l,9-dimcthylisoxanthine 
(VI)  was  prompted  by  the  announcement  of  the  physiological  activity  of  8-(2'-mctlioxycihoxy)-caffcinc  (IX)  [3], 


II  C-N-CO 

I  I  /CII3 

CO  C-NX 

I  II  >C0CI1,CII20CM3 

II  C-N-C-N^ 

<.X) 


In  addition  to  these  two  compounds ,  we  synthesized  8-ethoxyisocaffci.nc  (V),  8-ethoxy-,  and  8-Isoamyloxy- 
1,9-diincthylisoxanthinc  (VII,  VIII). 

Compounds  (V)and  (IV)  are  formed  with  relative  facility  when  8-chloroisocaffeine  (II)  is  boiled  with  one 
mole  of  Na(X^2**5in  anhydrous  alcohol  and  with  1  mole  of  NaOCH2CH2CX^H3  in  ct  hydroxy-B  *nicthoxycthanc 
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respectively.  In  the  ense  of  8-cl)loro-l .O-dirnciliylisoxanthine  (III),  this  replacement  of  halogen  by  an  alkoxy 
group  requires  the  use  of  two  moles  of  alkoxide  since  one  mole  is  at  once  coasiuncd  in  formation  of  the  sodium 
salt  (which  is  relatively  poorly  soluble  in  alcohols)  due  to  the  presence  of  the  unsubstituted  hydrogen  at  the  nltro- 
gen. 
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A  higher  temperature  is  also  necessary  in  this  case.  Reaction  of  (II)  with  sodium  ethoxide  takes  place  even 
at  the  boiling  point  of  alcohol,  but  (ill)  enters  into  the  analogous  reaction  only  at  120*.  A  necessary  condition 
for  reaction  of  the  sodium  salt  of  (ill)  with  alkoxidcs  is  its  ability  to  dissolve  in  the  reaction  medium;  boiling 
of  the  dry  salt  of  substance  (III)  with  dry  ethoxide  in  xylene  led  to  quantitative  recovery  of  the  srr.-hig  compo¬ 
nents. 

Compeur  !  '’/Ill)  was  prepared  from  two  starting  substances;  from  substance  (III)  and  from  the  monobromo 
derivative  ol  i ••..methylisoxanthine  (X);  the  latter  had  previously  been  obtained  by  the  action  of  molecular 
bromine  on  1,9-dimethylisoxanthinc  [2]. 
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These  two  parallel  reactions  were  performed  in  order  to  confirm  the  structure  of  this  bromo  derivative.  For¬ 
mation  of  the  identical  substance  from  it  and  from  compound  (III)  in  reaction  with  sodium  isoamyloxide  showed 
that  the  action  of  bromine  on  1,9-dimethylisoxanthine  results  in  rep! -.ncnieat  of  t’:e  hydrogen  at  C3  an  !  iiot  at 
any  other  position  in  the  molecule.  It  also  showed  in  turn  that  the  bromine-containing  compound  is  indeed  3 -bromo 
1,9-dimethylisoxanthine  [2].  This  conclusion  is  fully  supported  by  the  fact  that  the  location  of  the  chlorine  at 
Cj  in  the  molecule  of  (III)  is  beyond  dispute  [  (III)  is  converted  to  8-chloroisocaffeine  (II)  on  methylatlon  with 
diazomethane];  its  structure  is  also  determined  by  its  syaithesis  from  ( II)  [1];  finally  the  position  of  the  chlorine 
has  been  conclusively  established  by  conversion  of  the  compound  to  the  well-known  methylisocaffeine  (XI)  by 
the  following  reactions,  i.e.  by  condensation  of  (II)  with  sodium  malonic  ester  followed  by  hydrolysis  and  decar¬ 
boxylation  of  the  product  of  condensation. 
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Doubt  about  the  position  of  the  bromine  at  Cj  in  the  compound  obtained  by  bromination  of  (I)  arose  be¬ 
cause  attempts  to  prepare  the  already  known  compound  (III)  [1]  by  a  similar  route  [I.c.  by  the  action  of  mole¬ 
cular  chlorine  on  l.O-dirncthylisoxanthine  (I)]  were  unsuccessful.  This  transformation,  i.c.  direct  chlorination 
of  (1),  has  nevertheless  now  been  effected  by  reaction  of  (I)  with  sulfi'yl  chloride. 

The  sodium  salts  of  compounds  (VI),  (VII),  (VIII),  and  (I),  as  •./ell  as  the  previously  described  sodium  salt 
of  (in)[i].  can  be  rccrystallized  from  water  in  which  they  arc  moderately  soluble  without  heating.  Their  potas¬ 
sium  salts  arc  rather  more  soluble  but  their  solubility  is  likewise  poor. 

EXPERIMENTAL 

8-(2*-Mcthoxycthoxy)-lsocaffcinc  (IV).  A  solution  of  0.53  g  of  sodium  in  45  g  of  a- hydroxy-6 -mcthoxyc- 
thanc  was  boiled  with  5.3  g  of  8-chloroisocaffcinc  for  27  hr.  After  partial  removal  of  solvent  in  vacuo,  the  res¬ 
idue  crystallized  and  was  filtered  and  washed  with  ether;  weight  5.7  g.  After  crystallization  from  170  ml  of  alco¬ 
hol,  the  yield  of  compound  (IV)  was  1.8  g;  long  needles,  m.p.  221-222*;  one  part  is  soluble  in  15  parts  of  boiling 
water.  For  analysis  it  was  crystallized  from  45  parts  of  alcohol. 

Found^/o;  N  20.85.  C,,H.,0,N,.  Calculated  <7(7:  N  20.89. 

11  16  4  4 

8-Ethoxyisocaffcine  (V).  A  solution  of  1  g  of  sodium  in  350  ml  of  anhydrous  alcohol  was  boiled  with  10  g 
of  8-chloroisocaffcine  for  24  hr  (until  the  alkaline  reaction  to  phcnolphthalcin  disappeared).  The  cooled  reaction 
mass  was  dissolved  in  water  and  filtered;  weight  5.8  g,  m.p.  238-239*.  Concentration  of  the  filtrate  led  to  isola¬ 
tion  of  an  additional  2.5  g  of  crystals  with  m.p.  238-240*.  After  two  recrystallizations  from  water  (1;170)  the 
product  weighed  3.8  g;  m.p.  260.5-261*.  Evaporation  of  part  of  the  water  from  the  crystallization  mother 
liquors  gave  an  additional  1.3  g  of  substance  with  m.p.  260.5-2C1*.  Total  yield  of  compound  (V)  5.1  g  (49'7c). 
Colorless,  elongated  plates;  solubility  in  boiling  alcohol  1:'85. 

Found  N  23.33;  C  H. O  19.18.  C  H.  O  N^.  Calculated  N  23.53;  C,H,,0  18.91. 

8-(2*-Mcthoxycihoxy)-l ,9-dimethylisoxatuhinc  (VI).  A  solution  of  0.43  g  of  sodium  in  30  g  of  a-hydroxy- 


of2.14g  of  sodium  in  200  ml  ofanliydroiis  isoamyl  alcolioi  was  boiled  with  10gof8-chloro-l,9-dimcihylisoxanthinc  for 
22  hr.  The  reaction  mass  was  shaken  with  water,  and  the  aqueous  layer  separated  and  acidified  with  40*7o  II2SO4 
to  pH  4.  Acidification  led  to  separation  of  10.3  g  of  substance  which  was  boiled  with  200  ml  of  water.  The  re¬ 
sulting  suspension  was  filtered  hot.  The  filtrate  deposited  1  g  of  unreacted  starting  compound  (ill)  with  m.p.  205* 
(dccomp.).  The  water-insoluble  precipitate  (8.9  g.  m.p.  245")  was  twice  crystallized  from  isoamyl  alcohol 
(1:45)  to  give  5.3  g  of  colorless,  elongated  plates  with  m.p.  251-252"  (decomp.).  Concentration  of  the  mother 
liquors  yielded,.!  further  1.3  g  with  m.p.  250-251*  (dccomp.).  Total  yield  of  (VllI)  C.G  g  (53.6*7^). 
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Found  "/a:  N  21.01.  Calculated ‘fo;  N  21.05. 

b)  From  B-bromo-l  .O-dlmcthylisoxanihiuc.  A  solution  of  0.215  g  of  sodium  In  35  ml  of  anhydrous  Isoamyl 
alcohol  was  boiled  for  22  hr  with  1  g  of  8-brotno-l  ,'.)-ditncthylisoxanthine.  The  reaction  tnass  was  worked  up  as 
In  a)  to  give  0.6  g  of  substance  (VIII)  with  m.p.  251-252’  (decomp.).  A  mixture  with  (VIII)  from  expt.  a)  melt¬ 
ed  at  the  same  temperature. 

Sodlutn  salt  of  8-IsoatiijIoxy-l,0-ditnethylisoxan^iitic^.  Stirring  of  3  g  of  (VIII)  in  6  ml  of  2  N  NaOll 
solution  led  to  formation  of  a  viscous  mass  which  went  into  solution  after  heating  with  21  ml  of  water.  Crystals 
came  out  on  coolitig.  Yield  2.55  g  of  sodium  salt  In  the  form  of  fine  needles  with  m.p.  ~  290*  (decomp.);  the 
salt  had  a  solubility  in  water  at  25*  of  1.25;  it  was  readily  soluble  In  alcohol,  and  Insoluble  in  acetone,  ether, 
and  other  organic  solvents.  For  analysis  It  was  crystallized  from  boiling  water  (1:6).  It  crystallizes  with  2  moles 
of  water  (at  130*  the  weight  loss  is  11.38'7<’). 

Found  N  17.72.  Cj^Hj^OjN^Na  •  211^0.  Calculated  <^0:  N  17.3. 

Sodium  salt  of  1,9-dimcthvlisoxanthine.  The  salt  came  down  from  a  filtered  solution  of  5  g  of  (I)  In  55 
ml  of  0.5  N  MaOll  solution  after  addition  of  15  ml  of  alcohol.  Yield  4.1  g  of  product  in  the  form  of  white  need¬ 
les  with  m.p.  (decom.)  359-361*.  For  analysis  it  was  crystallized  from  115  parts  of  alcohol.  It  crystallizes  with 
2  moles  of  water  (the  weight  loss  after  drying  at  140*  is  15. 06^^). 

Found ‘ye:  N  23.44.  C^ljO^N^Na  •  211^0.  Calculated N  23.53. 

8-Chloro-l,9-dlmcthylisoxa.nthinc  (III).  1 .9-Dimcthylisoxanthine  (10  g)  was  stirred  with  distilled  S02C12 
(65  ml)  at  room  temperature  for  —  100  hr.  The  reaction  mass  was  filtered.  The  precipitate  was  washed  with  dry 
dichloroethane,  then  suspended  in  30  ml  of  ice  water,  and  filtered.  There  was  obtained  8.9  g  of  product  with  m.p. 
299-300*  (decomp.);  after  crystallization  from  water  the  yield  of  (III)  was  7  g  (58.8 “v:)  with  m.p.  316-317*  (de¬ 
comp.).  A  mixture  with  (III)  obtained  from  8-chloroisocaffeinc  [1]  melted  at  the  same  temperature.  Neutraliza¬ 
tion  with  caustic  alkali  of  the  acid  aqin'ous  filtrate  from  the  unpurified  compound  (III)  to  pH  5  gave  0.4-0. 5  g 
of  unreacted  1,9-dimcthylisoxanthine  (I). 


S IJ  M  M  ARY 

1 .  Sotnc  8-alkoxy  derivatives  of  1,0-dimethyl-  and  1,3,9-trimcthylisoxanthino  were  synthesized. 

2.  Reaction  of  1,9-dimethylisoxanthinc  with  sulfuryl  chloride  gave  8-chloro-l,9-dimethylisoxanthlne. 
The  product  was  Identical  with  the  substance  previously  obtained  by  demcthylation  of  8-chloro-l,3,9-trimethyl- 
Isoxanthine. 
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Bis-quaternary  ammonium  compounds  possess  high  pharmacological  activity  In  the  majority  of  cases.  A 
series  of  investigations  has  shown  that  the  nature  of  the  pharmacological  activity  and  the  degree  of  activity  of 
such  compounds  depends  in  great  measure  on  the  length  of  the  chain  linking  the  two  quaternary  ammonium 
groups  [1-4].  Very  much  less  work  has  been  carried  out  on  the  influence  of  the  alkyl  radicals  present  both  In  the 
ammonium  groups  and  in  the  central  part  of  the  molecule  on  the  pharmacological  properties  of  bis-quaternary 
ammonium  compounds  (see  [5-7]). 

In  the  present  work  we  describe  the  synthesis  of  a  series  of  compounds  with  the  general  formula  (I). 


RaNCllaCONIl  NHCOCH2NR3 

I  1 


4.  4-  4 

R'&n’'  =  H  &CIIa.  NH,=  N(C,H,),  &N  C 

cn. 


The  starling  diamines  were  m-phenylcnediamine,  4-methyl-m-phenylenediamine,  and  4,6-dimethyl-m- 
phenylenediaminc.  Compound  (I)  was  synthesized  by  the  following  route; 


R' 


N",  n- 

CICOCH.CI  I 


NHCOCII2CI 


IINU, 


iv'/^/\nh2  R"/^^\Nncocn2Ci 

(II)  (III) 

I'v  .NIICOCII0NR2 

— >  I  I  -^‘-^(1) 

R.r/''^^/\f<||COClloNRo 


(IV) 


Conversion  of  (II)  into  (III)  was  effected  by  reaction  of  the  diamine  with  chloroacetyl  chloride  In  acetic 
acid  solution.  Heating  of  (111)  with  dicthylamine  or  piperidine  gave  products  (IV)  which  on  reaction  with  CH3I 
gave  the  corresponding  bis-quaternary  ammonium  salts  (  I).  All  of  the  synthesized  compounds  arc  forth  in  the  table.* 

•pharmacological  tests  on  the  preparations  were  undertaken  by  A.  I.  Podlesnaya  and  N.  K.  Fruentov  to  whom  we 
express  our  profound  thanks.  For  results  of  these  tests  sec  the  summary. 
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EXPERI  MENTAL 


1.  Preparation  of  amides  of  monochl oroacctic  aetJ.  A  s^tlution  of  5  g  of  rn-pl\cnylcncdiaminc  Id  GO  ml 
of  glacial  acciic  acid  was  cooled  lo  10’  and  7.72  ml  of  clil oroaceiyl  chloride  was  added,  followed  by  a  solution 
of  15.3  g  of  CII3C00N...3H20  in  GO  ml  of  water.  The  reaction  mixture  was  sitrred  for  30  min.  The  resulting 
precipitate  was  filtered,  washed  with  water  several  times,  dried,  and  rccrystall  ized  from  alcohol.  M.p.  228-230* 
after  three  rccrystall  izations.  The  literature  [G]  reports  m.p.  215-217*;  tills  Is  the  melting  point  of  the  crude 
product. 

The  dlchloroacc.yl  derivatives  of  4-mcthyl-m-phenylcnedi  amine  and  4,G-dlmctIiyl -m-phenylenedlamlne 
were  prepared  by  the  ^arnc  mctliod.  Yields  and  melting  points  are  set  fortli  in  the  table. 

2.  Amination  of  amides  of  monochloroacctic  acid.  Into  a  round  bottomed  flask,  with  a  reflux  condenser 
lopped  by  a  calcium  chloride  tube,  were  cliargcd  5  g  of  the  dichloroacctyl  derivative  of  m-plienylenedlamine, 
140  ml  of  dry  benzene,  and  11  ml  of  dicthylamine.  The  mixture  was  boiled  for  5  hr,  the  precipitated  dicthyla- 
mine  hydrochloride  was  filtered  off,  washed  with  dry  benzene  and  dried,  and  the  benzene  was  distilled  off. 
Piperidine  bases  were  prepared  by  the  same  procedure.  The  piperidine  base  described  in  the  literature  (No.  4 
In  table)  has  m.p.  121-124.5*;  the  literature  [ G]  gives  m.p.  111-112*. 

Bases  prepared  from  dicthylamine  were  distilled  in  vacuo;  those  from  piperidine  were  recrystallized  from 
aqueous  alcohol.  Yields,  boiling  points,  and  melting  points  arc  set  forth  in  the  table.  Base  No.  14  was  purified 
by  dissolution  in  dilute  hydrochloric  acid,  extraction  of  the  solution  vrith  ether,  and  treatment  of  the  aqueous 
layer  with  ammonia.  The  precipitate  was  filtered,  washed  with  water,  rccrptallizcd  from  aqueous  acetone, and 
dried. 


3.  Preparation  of  the  dimcthiodidcs.  Bases  Nos.  2,7,  and  9  (table)  were  dissolved  in  dry  bcn'Zcnc,  and 
Nos.  4  and  12  in  dry  acetone.  Methyl  iodide  was  added  and  the  mixture  refluxed  in  a  flask  for  1.5  hr  at  40*. 

The  nicthiodidcs  were  purified  as  follows:  No. 5  was  recrystallized  from  the  minimum  quantity  of  water;  No.3 
was  twice  recrystallized  from  acetone;  No.  10  was  recrystallized  from  absolute  alcohol;  No. 8  was  dissolved  in 
absolute  alcohol  and  precipitated  by  ether.  Methiodide  No.  15  was  prepared  in  acetone  solution  at  room  temper 
ature.  The  product  came  down  after  a  few  hours  and  was  filtered  and  washed  with  anhydrous  acetone.  Methio- 
didc  No.  13  v/as  obtained  in  the  form  of  an  oil  which  crystallized  in  a  vacuum-desiccator.  All  of  the  methio- 
dides  were  dried  in  a  vacuum-desiccator.  Yields  and  mellingpoints are  given  in  the  table. 


SUMMARY 

1 .  A  series  of  derivatives  of  diacetyl-m-phenylencdiamine  eontaining  quaternary  ammonium  groups  In 
the  acetyl  radicals  was  synthesized. 

2.  All  the  synthesized  compounds  possess  both  curarelike  and  anticholinesterase  activity. 

3.  The  curarelike  activity  in  this  series  does  not  alter  appreciably  when  the  diethylamino  group  in  ammo¬ 
nium  groupings  is  replaced  by  the  piperidine  residue.  It  is  lowered  appreeiably  when  two  methyl  radicals  are 
brought  into  the  benzene  ring. 

4.  All  the  synthesized  compounds  act  more  strongly  on  pseudocholinestcrase  than  on  true  cholinesterase. 
This  selectivity  increases  when  methyl  radicals  are  introduced  into  the  benzene  ring. 

5.  The  toxicity  of  the  synthesized  compounds  falls  in  a  regular  manner  with  introduction  of  methyl  groups 
into  the  benzene  ring.  The  piperidinic  derivatives  are  slightly  more  toxic  than  the  corresponding  dicthylamine 
derivatives. 
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Organosilicon  compounds  containing  a  nitrogen  atom  directly  linked  to  silicon  arc  easily  hydrolyzed  with 
rupture  of  the  Si-N  bond  [1],  It  appeared  of  interest  to  synthesize  compounds  in  which  the  nitrogen  atom  was 
isolated  from  the  silicon  by  other  elements  and  to  investigate  their  resistance  to  hydrolysis. 


Satisfactory  methods  have  been  evolved  for  preparation  of  organosilicon  compounds  containing  a  nitrogen 
in  the  organic  radical  [2].  On  the  other  hand,  compounds  in  which  the  silicon  would  be  linked  with  nitrogen  via 

oxygen  were  unknown,*  although  analogous  organic  compounds  containing  the  — G — G  —  N=  grouping 

/ 


(O-alkyl  ethers  of  oximes  and  esters  of  nitric  and  nitrous  acid)  had  been  well  described  in  the  literature  [3-7]. 
Our  objective  in  the  present  work  was  to  synthesize  and  to  study  the  organosilicon  esters  of  oximes.  Alkyl  ethers 
of  oximes  are  known  [4-7]  to  exist  in  two  isomeric  forms  as  N-  and  0-dcrivativcs,  •  •  whose  formation  depends 
mainly  on  the  method  of  preparation.  O-Alkyl  ethers  are  formed  predominantly  when  oximes  are  directly  alky¬ 
lated  with  alkyl  iodides  in  presence  of  sodium  eihoxide  [3-5,  7].  However  the  possibility  of  formation  of  N-dcri- 
vatives  in  small  quantity  side  by  side  with  the  O-eihcrs  is  not  excluded. 


We  found  that  trialkylchlorosilanes  react  with  aliphatic  aldoximes  in  presence  of  pyridine  In  accordance 
with  the  equation : 


naSiCI.-l-  nON=Cim'  -f  C^irsN  — ►  M3.SiON=Clin'  l-  (VIsN  •  lici 

This  reaction  goes  smoothly  even  at  room  temperature  and  is  completed  after  the  reaction  mixture  has  been 
stirred  for  4-5  hr.  Yields  of  trialkylsilyl  ethers  of  aldoximes  are  52.5-80  70  (calculated  on  the  original  trialkyl- 
chlorosilane).  An  exception  is  O-trimethylsilylacetaldoxime  whose  yield  is  only  22.l7o.  PyTidine  hydrochloride 
was  obtained  in  good  yield  in  all  experiments  (60-1007o)  apart  from  the  main  reaction  product. 

The  synthesized  0-trialkylsilylaldoximes  are  mobile  liquids  with  a  faint  ethereal  odor,  stable  when  kept. 

Their  physical  constants  and  yields  are  set  forth  in  the  table. 

O-trialkylsilylaldoximcs  distil  without  decomposition  at  atmospheric  pressure;  they  are  readily  soluble  in 
organic  solvents  (alcohol,  ether,  acetone,  dioxanc,. benzene,  ligroinc),  and  poorly  soluble  in  water. 

Their  structure  was  confirmed  by  reduction  with  hydrogen  over  platinum  black  and  by  hydrolysis;  also 
through  the  infrared  spectra. 

Catalytic  hydrogenation  of  (CHj  )3SiON=CHC3H  ^-n  and  (CjM  6)3SiON=CHC3H7 -iso  did  not  give  O-trlalkyl- 
sIlyl-N-alkylliydroxylamines  as  would  have  been  expected  from  the  equation 

_  U;,SiON  =(:ilU'  ILjSiOMICIIJt 

•Only  quite  recently  have  the  extremely  unstable  organosilicon  esters  of  nitrous  acid  been  described  [8]. 

•  ‘The  possibility  of  stereoisomerism  is  not  touched  on  in  this  paper. 
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Physical  Constants  and  Yields  of  0-Trialkylsilylaldoximes  RjSiON=CHR' 
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III  the  liydrogciiniion  products  were  fouu<l  amiticj, 
ammonia,  and  the  corresponding  trialkylsi lanes.  Hydro¬ 
genation  is  consequently  accompanied  by  rupture  of  the 
N-O  bond.  This  is  also  confirmed  by  the  amount  of 
hydrogen  absorbed  being  considerably  larger  than  is 
required  for  addition  to  one  double  bond.  The  hydrogen¬ 
ation  reaction  consequently  follows  a  course  analogous 
to  the  reduction  of  0-alkyl  ethers  of  oximes,  and  leads 
to  scission  of  the  molecule  with  formation  of  the  corres¬ 
ponding  amine  and  alcohol. 


jl»/ 


-*  pCIIiMI., -f- M’"Oinoi 

The  primary  amine  in  turn  can  undergo  catalytic 
transformations  so  that  a  complex  mixture  of  primary, 
secondary,  and  tertiary  amines  and  ammonia  is  obtained. 
Reactions  of  this  type  in  presence  of  Pd  and  Ni  catalysts 
have  been  described  by  Rosenmund  ,[10]  and  Vasil'ev [11] , 

Exner  [7]  also  reduced  o-acetylbenzophenoneoxime 
withLiAlH4  and  obtained  ethyl  alcohol  and  a  mixture  of 
primary  and  secondary  amines. 

(Cg1I5)2C=NOCOCIF3 
-  C.Jl50Il  +  (Con3hCHNIl2  -H 
Qllsx 

d-  >Nn 

CoiisCn./ 

By  contrast,  the  reduction  of  N-alkyloximes  in 
presence  of  LiAlH^  or  Pt  catalyst  leads  smoothly  to 
N.N -dialkylhydroxylamine  [6]. 

Since  the  hydrogenation  of  the  trimethylsilyl  ether 
of  n-butryaldoxime  and  that  of  the  triethylsilyl  ether  of 
isobutyraldoxime  gave  a  mixture  of  amines  and  ammonia 
and  the  corresponding  trialkylsilanols,  we  may  conclude 
that  the  compounds  obtained  by  us  arc  the  O-isomers. 

A  study  of  the  hydrolysis  of  O-trialkylsilylaldoxiines 
under  various  conditions  showed  that  no  modifications 
whatever  occurred  in  the  compound  when  (C^H5)3SiON= 
Cl  103117-0  was  subjected  to  vigorous  and  prolonged  stir¬ 
ring  with  water  at  20“  and  60-80*.  Nor  does  hydrolysis 
take  place  in  a  homogeneous  aqueous  dioxane  medium 
at  20",  Replacement  of  water  by  5?oKOll  solution  and 
heating  to  90*  result  in  formation  of  the  free  oxime, 
although  about  OO^/oof  the  compound  remains  unchanged. 

Hydrolysis  of  (Cz  Hs)3SiON=CHC2H  5  by  heating 
with  5*70  HCl  proceeds  with  formation  of  aldehydes. 
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oximes,  and  nltrogcn-conialnlnp  resins,  probably  due  to  oxidation  and  condensation  of  the  oximes  and  tlic  prod¬ 
ucts  of  their  hydrolysis.  Tricthylsilanol  Is  also  formed  and  is  converted  into  hcxacthyldlsiloxane  (yield  53.27<’). 

Hydrolysis  In  an  acid  medium  can  accordingly  be  represented  by  the  following  equations: 

njSiON^ciiii'  1- II./)  ^  ihSioii  i-;iON=ciin'. 

H'ClIr^^N’OI!  4-2II2O  ^  H’CIIO  I- NlljOIl  4- lIjO, 

211381011  ->  lljSiOSill;, -b  11/3, 

The  structure  of  the  synthesized  silyl  ethers  of  aldoximes,  as  established  by  chemical  methods,  isalsosiip- 
ported  by  spectral  data. 

The  infrared  spectra  of  all  of  the  eight  preparations  contained  a  characteristic  frequency  at  1636-1640  cm'* 
which  is  probably  associated  with  the  C=N  valence  vibrations.  In  aldoximes  and  ketoximes  this  corresponds  to 
the  1630-1662  cm**  frequency  [12].  Vibrational  data  for  Si — O  —  N  bonds  have  not  been  reported  in  the  liter¬ 
ature;  we  can  therefore  only  tentatively  assign  the  1050  and  850  cm'i  frequencies  to  the  Si  —  O  and  O  —  N 
bond  vibrations  respectively  in  tlic  Si —  O —  N  sj'stcm.  These  bands  are  observed  in  the  spectra  of  all  of  the 
silyl  ethers  of  aldoximes  that  we  investtgated.  The  bands  In  the  750  cm'*  region  are  probably  associated  with 
the  antisymmetrical  Si  —  C  valence  vibrations  in  the  SI(CHj)jand  Si(CjH^)^  groupings.  The  1240 —  1250  cm”* 
frequencies  in  tlic  spectra  of  O-trialkylsilylaldoximes  arc  to  be  assigned  to  the  deformation  vibrations,  it  would 
appear,  of  the  Si(CH^)^  and  groupings  [13]. 

EXPERIMENTAL 

Starting  substances.  Oximes  were  prepared  in  70  -  80%  yields  by  reaction  of  hydroxylaminc  hydrochloride 
with  tlie  freshly  distilled  aldehydes. 

Accialdoxime  :  b.p.  114 .7"  (760  mm),  n^*®  1,4263.  Literature  data  [14] :  b.p.  115*  (762  mm),  n^*® 

1.4263:  d  ""  0.0640.  lYopionaldoximc:  b.p.  130  -  132*(758  mm).  1^®  1.4303,  d^^®  0.9288.  Literature  data  [14]: 
b.p.  134*  (761  mm).  n|j  1.4303.  d^®  0.9286.  n-Dutyraldoxime ;  b.p.  149  -  151*  (760  mm),  njj  1.4362,  d^®  0.9082. 
Literature  data  [14];  b.p.  151*,  n^6  1.4367,  0.9103.  lsol)ut)Taldoxime  :  b.p.  139 —  141*  (757  mm),  r^® 

1.4304,  Literature  data  [3]:  b.p.  59  -  59.5*  (20  rnm),  r^®  1.4302. 

Trimethylchlorosilanc  [b.p.  58  —  60*  (760  mm),  nl®  1.3887]  was  prepared  by  rectification  of  the  commer¬ 
cial  product.  Trictliylclilorosilanc  v/ith  b.p.  143-145’  (758  mrn)  and  n^®  1.4309  was  obtained  by  distillation  of 
hcxacihyldisiloxanc  with  anhydrous  aluminum  chloride  [15].  PyTidine,  with  b.p.  115-  115.5*  (760  mm),  nj^ 

1.5093,  d|^  1.5093,  d^®  0.9824,  was  obtained  by  drying  the  technical  product  over  potassium  hydroxide  and 
distilling  over  a  small  quantity  of  metallic  sodium. 

Determination  of  silicon  content.  In  two  experiments  wet  combustion  was  employed,  and  in  the  others 
the  method  of  Sir  and  Komers  [16].  The  latter  is  convenient  for  analysis  of  nearly  all  types  of  organosilicon 
compounds.  Nitrogen  was  determined  by  a  microDumas  technique  using  2  —  3  crystals  of  Berihollct  salt  as  catalyst. 

Infrared  absorptiexr  spectra  were  obtained  with  an  IKS-11  apparatus  with  a  sodium  chloride  prism  in  the 
700-  1700  cm  region.Tliickncss  of  layers  3.  9,  and  29  p. 

Procedure  for  syntheses.  The  apparatus  was  a  three-necked,  round-bottomed  flask,  capacity  250  ml, fitted 
witli  stirrer,  reflux  condenser,  and  dropping  funnel  (the  last  two  items  had  ground -glass  connections).  Atmospheric 
moisture  was  excluded  by  calcium  chloride  tubes.  Each  experiment  required  0.2  —  0.3  mole  of  oxime  and 
stoichiometric  quantities  of  trialkylchlorosilane  and  pyTidine.  Dry  benzene  was  the  solvent.  Absolute  diethyl 
ether  was  the  solvent  for  syaithesis  of  organosilicon  ethers  of  acetaldoxime.  A  mixture  of  Ipcnzenc,  oxime  and 
pyridine  was  put  in  the  flask,  and  benzene  solution  of  trialkylchlorosilane  was  stirred  in  Intensively.  The  reaction 
went  smoothly  with  liberation  of  heat  and  with  formation  of  pyridine  hydrochloride.  The  mixture  was  then 
stirred  at  room  temperature  for  4  —  5  hr.  The  salt  was  suction -filtered  on  a  Buchner  funnel,  washed  with  benzene, 
and  dried  to  constant  weight  in  vacuo.  Yield  of  pyTidine  hydrochloride  95  -  100%.  The  solvent  was  distilled  from 
the  filtrate,  and  the  residue  twice  distillc'd  at  reduced  pressure  through  a  25-platc  column.  Below  we  give  two 
examples  of  the  procedure. 
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Synthesis  of  (C2H5)jSifiN-CIIC3H7-iso.  To  .i  solution  of  3’1.8  g  of  iso-C3H)C'!I  =  MOH  in  50  tnl  of  benzene 
,111(1  32  ml  of  pyridine  was  Added  A  solution  of  GO. 4  g  of  (C2ll5)3SiCl  in  50  ml  of  benzene  with  intensive  stirring 
And  ice  cooling.  After  4-hdnrs’  stirring,  the  pyridine  hydrochloride  (46  g,  yield  OO"/’')  was  filtered  oft,  the  benzene 
distilled  off,  And  the  rcsidne  distilled  in  vacuo.  Distillation  gave  C2,8  g  (787'’)  of  (C2!!s)3SiOM=CHC3H;-iso  with 
b.p.  95*  (20  mm),  nj®  1.4325.  d*®  0.8468. 

Synthesis  of  (Cll3)3Si()N=c:ilC3tlT-n.  n-C3ll/:il=NOH  (29  g).  (ClljljSiCl  (36.5  g),pyAdine  (24  ml),  and 
benzene  (100  ml)  were  mixed  as  in  the  preceding  example.  There  was  obtained  38.5  g  (lOOvo)  of  pyiidine  hydro¬ 
chloride. 

Distillation  in  vacuo  gave  35  g  (CC.B^/o)  of  (Cil3)3SiON=CMC3n7-n  with  b.p.  39  -  41*  (10  mm),  n*®  1.4160, 

d^®  0.8336. 

4 

Rednetion_of  O-trimcthylsilyl -n -hut yraldoxime.  Hydrogenai ion  of  8.5  g  of  (CH3)3SiON=CllC3H7-n  in  30 
ml  of  anhydrous  alcohol  was  effected  over  0,78  g  freshly  prepared  active  platinum  black  (17)  at  room  temper¬ 
ature.  During  the  reaction  1700  ml  of  hydrogen  was  absorbed.  After  completion  of  hydrogenation  the  catalyst 
was  filtered  off,  the  alcohol  was  distilled  from  the  filtrate,  and  the  residue  was  distilled  to  give  two  main  frac¬ 
tions. 

T!i<;  f..  ction  had  b.p.  77.5-99*.  n*®  1.3778  (2  g).  Silicon  content  (method  of  Sir  and  Komers  [16]) 

30.3  and  30.87o.  n:  Heating  the  presence  in  this  fraction  of  a  considerable  proportion  of  (€113)351011  and  (€113)55120 
[calculated  for  (€113)35101!;  Si  31.1 ‘7p,  for  (€113)55120  34,5%].  Heat  was  released  when  0.6  g  of  the  first  fraction 
was  acetylated  with  acetyl  chloride.  Distillation  gave  trimethylacetoxysilane  with  b.p.  100  -  104*,  n|^®  1.3840; 
Literature  data  (18):  b.p.  103  -  104*,  n^  1.3875. 

The  second  fraction  had  b.p.  157  -  159*,  n”  1.4198  (1.1  g).  It  had  a  sharp  odor  of  di-n-butylamlne. 
Determination  of  its  content  of  amines  by  titration  with  0.1  N  11250^  in  presence  of  Bromthymol  blue  gave  a 
value  (calculated  on  dibutylamine)  of  88.8  and  89.5%.  Literature  data  [20]:  di-n-butylaminc  has  b.p.  158.3  — 
158.5*  (752  mm),  n*®  1.4182.  The  distilled  alcohol  contained  9.87  mg-equiv.  of  bases.  Part  of  the  alcohol  was 

neutralized  with  hycVrochloric  acid  and  evaporated  to  dryness  on  a  water  bath.  The  separated  hydrochloride  melted 
at  197  -  199*.  It  contained  25.5%  €1  and  a  trace  of  ammonium  salt  (faint  coloration  with  Nessler  reagent);  It 
was  evidently  a  mixture  of  the  hydrochlorides  .f  prinKii  y,  si  ..r.id.'.iy,  .;;d  terU'ny  hutyl.unini's. 

Reduction  of  O-triethylsilylisobutyraldoxime.  Hydrogenation  of  6.4  g  of  the  aldoxime  in  57  ml  of  absolute 
ethyl  alcohol  was  effected  over  0.64  of  platinum  black  at  room  temperature.  During  the  reaction  1070  ml  of 
hydrogen  was  absorbed.  The  alcoholic  solution,  containing  25.08  mg-equiv.  of  bases,  was  neutralized  with  hydro¬ 
chloric  acid.  After  distillation  of  the  alcohol  there  was  obtained  2.1  g  of  hydrochloride  which  was  analyzed  by 
the  method  of  [19],  The  content  of  volatile  bases  found  was  7,71  mg-equiv.  per  gram,  comprising  ammonia  1.43, 
urimary  amine  3.03,  secondary  amine  3.13,  and  tertiary  amine  (by  difference)  0.12.  The  distilled  alcohol  was 
redistilled  fro.:;  a  flask  surmounted  by  a  column  packed  with  glass  rings.  In  this  way  we  obtained  1.3  g  of  a  sub¬ 
stance  with  b.().  180  -  230*.  n^®  1.4300,  d^®  0.8383.  Its  infrared  spectrum  did  not  contain  a  minimum  in  the 
1630  -  1640  cm*'  region  corresponding  to  the  valence  vibration  of  the  €=N  bond.  It  contained  the  1086  cm'^ 
frequency  characteristic  of  the  Si-O-Si  valence  vibration.  The  compound  with  b.p.  180—  230*  is  evidently 
hexaeihyldisiloxane. 


Hydrolysis  of  O-triethylsilyl-n -but yraldoxime.  a)  A  mixture  of  5  g  of  the  compound  and  5  ml  of  water 
was  stirred  at  room  temperature  for  4  hr.  No  heat  was  liberated.  The  organic  and  aqueous  layers  were  separated 
(the  aqueous  layer  had  n^  1.3332,  the  organic  1.4376).  Neither  of  the  layers  gave  a  red  color  with  fuchsincsul- 
furous  acid.  5imilar  results  were  obtained  when  hydrolysis  was  performed  at  60—  80*. 


b)  A  mixture  of  5  g  of  the  compound  and  5  g  of  5%  KOH  solution  was  stirred  with  heating  on  a  water  bath 
for  4  hr.  The  organic  layer  had  n  ^®  1.4360.  After  drying  with  calcium  chloride,  the  organic  layer  was  distilled 

in  vacuo  (16—  17  mm).  Two  fractions  were  collected.  The  first  (1.1  g)  had  b.p.  74  —  96*,  nj^  1.4338,  d^* 
0.86’8,  and  a  sharp  oxime  odor.  Some  organosilicon  compounds  were  present  (large  precipitate  of  Si02  on  heat¬ 


ing  with  a  mixture  of  oleum  and  fuming  nitric  acid).  The  second  (2,9  g)  had  b.p.  97  -  98*.  n^®  1.4371  d 


D. 


0.85G3.  corresponding  to  the  original  substance.  Approximately  40%  of  the  substance  was  hydrolyzed 


Hydrolysis  of  O-triethylsilylpropionaldoxime  with  5%H€1.  A  mixture  of  20  g  of  the  compound  and  23.5  ml 
of  ‘'%H€1  was  stirred  for  7  hr  with  heating^on  a  water  bath.  The  organic  layer  had  n*®  1.4362.  After  4-hourj* 


V 
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stirring,  the  aqueous  layer  contained  a  trace  of  aldehyde  (red  color  with  fuchslncsiilfurous  acid).  After  7-hours* 
stirring,  the  deeply  colored  aqueous  layer  was  extracted  with  ether  and  evaporated  to  dryness.  There  was  obtained 
3.5  g  of  nitrogen-containing  resin  (positive.  Lassaigne  reaction  of  nitrogen)  which  on  treatment  with  FeClj  solution 
gave  the  deep-cherry  color  characteristic  of  hydtoxatnic  acids.  The  ethereal  extracts  were,  combined  with  the 
organic  layer  atid  distilled  at  normal  pressure.  Three  fractions  were  collected.  The  first  had  b.p.  133-  162* 

(5.1  g).!)*''  1.-1331.  The  second  had  b.p.  162  -  180*  (2.3  g).  n”  1.4350.  The  third  had  b.p,  220  -  229*  (7.0  g). 
n»  {  amI  d»  0.8503.  Yield  63.2*70  (calculated  on  hexaethyldislloxane). 

The  first  and  second  fractions  were  not  examined;  they  were  evidently  mixtures  of  proplonaldoximc  and 
starting  substance.  The  third  fraction,  whose  constants  were  close  to  those  of  hexaethyldislloxane,  was  distilled 
with  anhydrous  AlClj  to  give  8.1  g  of  a  substance  (b.p.  141.5-  144*,  n^  1.4310)  Identified  as  triethylchlorosilanc. 
Yield  96.3*70. 

SUMMARY 

A  preparative  method  of  synthesis  of  the  previously  unknown  O-trialkylsilyl  ethers  of  aliphatic  aldoximes 
was  developed.  Eight  compounds  of  this  type  were  prepared.  Their  structure  was  verified  by  rcductirn  and 
hydrolpis  reactions,  and  cotifirmed  by  spectral  data. 
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Only  the  first  member  of  the  series  of  silicon-containing  bromides  of  the  general  formula  R3SiOC5H.jBr-p, 
where  R  =  CHj.  has  been  reported  in  the  literature  [1].  The  objective  of  the  present  investigation  was  the  prepara¬ 
tion  cf  further  members  of  the  series  (with  R  =  C2HS  and  C3H7)  and  the  study  of  the  potentialities  of  the  compounds 
for  syntheses.  The  most  interesting  possibilities,  in  our  opinion,  were  those  involving  the  use  of  Grignard  reagents, 
prepared  from  the  bromides  in  question,  for  syiithesis  of  silicon-containing  aromatic  alcohols  and  acids.  At  the 
same  time  a  study  was  made  of  the  resistance  to  hydrolysis  of  the  ether  bond  (Si-O-C^^*)  in  these  compounds. 

V/e  prepared  the  previously  unknown  triethyl-  and  tripropyl-(p-bromophenoxy)-silanes  by  catalytic  dehydro¬ 
condensation  of  trialkylsilancs  with  p-bromophenol  [2]  in  yields  of  23  aiid  '7' respectively.  Th.e  tria”.<yl-(p-brcmo- 
phenoxy)-silancs  arc  colorless  liquids,  completely  resistant  to  hydrolysis.  For  example,  stirring  for  half  an  hour 
with  dilute  hydrochloric  acid  (1:10)  or  witli  2  N  NaOH  did  not  lead  to  cleavage  cf  the  Si-O-C^j.  bond;  90‘^oof  the 
original  bromides  was  recovered  unchanged  on  distillation.  Secondary  alcohols  were  synthesized  by  the  reaction: 

n3SiOCGn4M),'iir  113510061140110110113 

However  alcohols  with  R  =  CH3  or  03115  could  not  be  obtained  due  to  their  hydrolytic  instability.  In  the  case 
of  R  =  CH3  the  reaction  products  were  hexamethyldisiloxane  and  a  silicon-free  resin.  Alteration  of  the  conditions 
for  decomposition  of  the  alcoholatc  (use  of  1‘7jHC1,  NH4CI  or  NaHC03  solutions,  pure  water)  had  no  effect  on  the 
reaction  course.  Preparation  of  hexamethyldisiloxane  in  S0°Jo  yield  is  evidence  of  the  formation  of  alcoholate  in 
good  yield.  Further  experiments  sliowed  that  disiloxane  is  not  formed  at  all  when  the  Grignard  reagent  is  decom¬ 
posed  with  water;  in  this  case  the  reaction  goes  by  the  usual  route  with  formation  of  (0113)381006115. 

(Cll3)3SiOCGll,.Mgnr  (Cll3)3SiOCafl5-fMgnrOn 

Since  formation  of  trimethylphcnoxysilane  was  not  observed  in  the  attempt  to  synthesize  the  alcohol,  we 
may  infer  that  the  alcohol  is  not  resistant  to  hydrolysis  when  R  =  OH3.  In  the  case  of  R  =  O2HS  the  hexacthyldisl- 
loxane  (yield  33^o)  is  accompanied  by  a  large  amount  of  resin  and  by  trieihylphenoxysilane  (2l7o),  the  latter 
originating  from  decomposition  of  unreacted  Grignard  reagent  by  water. 

In  contrast  to  the  lower  members  of  the  scries,  methyl -(p-tripropylsiloxyphenyl)-c3rbinoI  highly  resistant 
to  hydrolysis.  We  prepared  this  alcohol  in  33®/^  yield.  It  is  a  colorless  liquid  with  a  characteristic  odor,  boiling 
at  181  —  183’  (15  mm).  Other  reaction  products  were  tripropylphcnoxysilane  (‘20''/<)  formed  by  decomposition  with 
water  of  Grignard  reagent  which  had  not  reacted  with  aldehyde  and  a  small  quantity  of  resin.  The  absence  of 
iripropylsilanol  and  hexapropyklisiloxane  from  the  reaction  products  demonstrates  the  relatively  high  resistance 
to  hydrolysis  of  the  Si-O-Car  bond  in  the  molecule  of  our  alcohol.  The  molecular  weight  and  silicon  content  are 

^ar  =  aromatic  (carbon  of  the  benzene  ring). 
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In  good  accord  with  the  fornuila  (C3H7),SiOCjlUCnOHCH3.  Hydrogen  I:  given  off  when  the  alcohol  reacts  with 
sodium.  We  plotted  the  infrared  spectrum  and  found  an  absorption  band  in  the  3-190  -  3280  cm*^  region. 

The  molar  refraction  (83.99)  found  for  the  alcohol  was  ratltcr  lower  than  the  calculated  value  (89.21),  due 
to  the  presence  in  our  preparation  of  a  small  content  of  the  ketone  (C3ll7)3SiOC5lI^COCH3.  The  latter  was  formed 
by  oxidation  of  the  seco:  dary  alcohol  group  to  a  carbonyl  group  when  excess  of  acetaldehyde  is  present. 


(Call7)3SiOColl4r.II-O.Mgllr  -l-  ClIjCIlO  — *  (C3ll7)3SiOCoH4COCIl3 + 

I 

(din 

4  CM3CII— OMglJr  — (:il3CIl20ll  MgllrOIl. 

I 

II 

The  ketonic  impurity  was  detected  by  the  infrared  spectrum  wliich  exhibited  a  maximum  at  168-1  cm”' 
associated  with  conjugation  of  a  carbonyl  group  with  an  aromatic  ring  (1700-  1G80  cm'*)  (3).  The  experiments 
on  spitlicsis  of  the  alcoliols  show  that  the  resistance  to  hydrolysis  of  ^  Si-O-Car  bonds  increases  to  such  an  extent 
when  propyl  radicals  are  attached  to  silicon  that  it  becomes  possible  to  separate  the  corresponding  alcohol. 

A  similar  stabilizing  effect  of  propyl  radicals  was  not  observed  when  attempts  were  made  to  sjaithcsize  acids 
of  the  general  formula  p-RjSiOCgH^COOH.  We  planned  to  obtain  the  acids  by  decomposition  of  R3SiOC(;H4MgBr. 
Instead  of  the  expected  acids,  we  found  in  the  reaction  products  p-hydroxybcnzoic  acid  and  crganosilicon  prod¬ 
ucts  of  breakdown  (Table  1).  Formation  of  p-hydroxybcnzoic  acid  ip  all  eases  is  evidence  that  the  above  reac¬ 
tions  took  place,  but  the  organosilicon  acids  were  hydrolyzed  with  very  great  facility  and  suffered  decomposition 
during  the  process  of  breakdown  of  the  Grignard  complexes: 

p-n3SioiCcll4COOII  — Tla.SiOII -I  p-IIOCr.ll4COC)Il 

it. 

IljjSioO 


TABLE  1 


Products  of  Decomposition  of  Acids  p-RjSiOCell^COOH 


II 

Yield  (in  %) 

It.SlOII 

R.si.o 

c,n,oii 

1  p-H0C,ll.C001I 

j  ItjSIOC.Hj 

R,SIOC,II.ltr 

CH3 

— 

72.0 

38.G 

31.1 

_ 

10.0 

ails 

— 

08.0 

36.2 

26.1 

— 

8.4 

C3II7 

20.3 

— 

12.4 

9.7 

35.0 

10.2 

The  instability  of  p-trialkylsiloxybenzoic  acids  is  evidently  associated  with  the  presence  of  the  strongly 
polar  carboxyl  group  in  the  para-position  to  the  trialkylsiloxy  group.  Judging  by  the  yields  of  p-hydroxybcnzoic 
acid  (Table  1),  the  organosilicon  acids  were  formed  in  yields  of  about  30  %  in  tlic  case  of  R  =  CH3  or  C2H5,  and 
of  about  10%  when  R  =  C3H7. 

The  influence  of  the  size  of  the  radicals  attached  to  the  silicon  atom  on  the  properties  of  Si-0-C3i-  bonds 
was  experimentally  established  in  experiments  on  breakdown  of  the  Grignard  reagents.  The  rc-:.'..!:on  goes  in  two 
steps: 


Il8StOCcll4MgI3r 


non 


IlaSiOCcHs 


iron 

ITcT* 


HaSiOM  -I-  CcHsOII 
HeSizO 


The  Grignard  reagent  is  decomposed  by  water  (when  R  =  CH3  or  CjHr;),  and  trialkylphcnoxysilancs  are  formed 
predominantly  (Table  2);  hydrolysis  of  the  latter  occurs  to  the  extent  of  only  20  -  22%.  Decomposition  with  dilute 
hydrochloric  acid  (1:10)  gives  exclusively  hcxaalkyldisiloxancs  when  R  =  CH3  or  Cjllj,  whereas  the  first  reaction 
step  predominates  when  R  =  C3H7  and  tripropylphenoxysilane  is  only  13% hydrolyzed. 
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TABLE  2 

Decomposition  of  Grignarcl  Reagents  p-R3SiOC5H4Mgnr 


R 

Decomposition 

Yield  (in  %) 

agent 

R,SIOC,H,  I 

rt.sioii 

R.SI.O  I 

r.,nsOH  1 

R.SlOC.H.nr 

C.u^ 

IIzO 

58.3 

— 

10.0 

17.0 

16.0 

CIIt 

MCI  (1  :  10) 

—  1 

1 

73.0 

7!).0 

— 

CjMs 

II2O 

.53.6 

— 

24.3 

22.1 

12.3 

IIC,I(1:10) 

■- 

- 

78.9 

81.0 

— 

Callv 

MC!  (1:10) 

66.1 

1.3.2 

— 

8.7 

7.0 

The  greater  resistance  to  hydrolysis  of  (C3Fl7)3SiCXZ6Hs  in  comparison  with  the  methyl  and  ethyl  analogs  must 
also  be  attributed  to  the  screening  action  of  the  radicals  at  the  silicon  atom. 

EXPERIM  ENT  AL 


Tri methyl -(n-hremtophenoxy) -silane  was  obtained  in  90*^0  yield  by  reaction  between  trimethylchlorosilane 
and  p-bromopiit 1  [1]  (Table  3).  Triethyl-  and  tripropyl-(p-bromophenoxy)-silancs  were  prepared  by  dehydro¬ 
condensation  of  tricthyl-  and  tripropylsilane  respectively  with  p-bromophenol  in  presence  of  zinc  chloride  (2,  4] 
in  yields  of  83  and  807o  (Table  3). 


TABLE  3 

Trialkyl-(p-bromophenoxy)-silanes  p-R3SiCC5H48r 


Boiling 

•/,  SI 

R 

point 
(pressure 
in  mm) 

Formula 

T) 

C 

3 

0 

•a 

Si 

JL,.2 

a 

3 

0 

:al- 

:ulated 

x> 

c 

3 

.0 

TJ 

4) 

^  Si 

cl  3 

CM.t 

98  -98..50 
(7)* 

I.26I9  *• 

1.5145  **• 

Cjdl,..,OSinr 

— 

— 

— 

— 

11.48, 
11. .56 

11.43 

C.2M5 

141-142 

{'■>) 

1 .2030 

1.5170 

CijIIioOSillr 

28.5.9, 

285.9 

287.3 

72.24 

72.16 

9.78, 

9.8.5 

9.75 

r.3ii2 

179(1.3) 

1.1.374 

1..50S0 

C,:,M2.sOSinr 

.32.5.2. 

326.6 

.329.2 

86.32 

86.11 

8..52, 

8.54 

8.51 

Experiments  Aiming  at  Preparation  of  Methyl-(p-triall<ylsiloxyphcnyl)-carbInols. 

Experimental  procedure.  Into  a  round-bottomed,  half-liter  flask,  equipped  with  reflux  condenser, dropping 
funnel,  and  stirrer,  were  charged  0,17  g- atom  of  magnesium  and  70  ml  of  absolute  ether.  After  addition  of  1  ml 
of  ethyl  bromide,  a  solution  of  0.17  mole  of  trialkyl-(p-bromophcnoxy)-silane  in  70  ml  of  absolute  ether  was 
introduced  gradually  from  the  dropping  funnel  while  the  mixture  was  heated  to  the  boiling  point  of  ether.  Boiling 
was  continued  for  6  -  8  hr,  Dropwise  addition  was  then  made  (with  external  ice  water  cooling)  of  a  solution 
(cooled  to  0*)  of  0.5  mole  of  acetaldehyde  in  70  ml  of  absolute  ether.  The  mixture  was  boiled  for  4  hr,  after 
which  decomposition  was  effected  by  stirring  with  1‘y.hydrochloric  acid,  ammonium  chloride  solution,  sodium 
carbonate  solution,  or  distilled  water.  The  ethereal  layer  was  separated,  washed  several  times  with  water  (100  ml 
each  time),  and  dried  with  sodium  sulfate.  The  ether  was  driven  off  and  the  products  of  reaction  fractionally 
distilled. 

Attempt  to  synthesize  methvl-(p-irimethylsiloxyphenyl)-carbinol.  The  liquid  separates  Into  two  layers 
aftc,  distillation  of  the  etlior,  regardless  of  t’ne  agent  employed  for  decomposition  of  the  carbinolate  (I'yo hydro¬ 
chloric  acid,  water,  arntnonium  chloride  or  sodium  carbonate  solutions).  Mcxarncthyldisiloxanc  was  isolated 


•Lit;:rature  fl];  b.p.  126*  (25  mm). 

•  •Literature  [1];  d”  1.252 

•  •  •Literature  [1]:  n^^** 


1.5123 


from  the  top  layer  by  distilKitioii;  b.p.  99-100*.  1.3773,  d”  0.7031  (see  [5]).  Fractional  distillation  of  the 

lower  layer  yielded  a  further  small  quantity  of  hcxamcthyldisiloxanc  with  b.p.  97-99*  and  n"®  1.3777.  The  resin, 

formed  In  large  quantity,  did  not  contain  silicon.  ^ 

Attempt  to  spthesize  mcthyl-(p-tricthyhiloxyphcnyl)-carbinol.  The  carbinolatc  was  decomposed  v/Ith 
water.  After  distillation  of  the  cilicr,  the  residue  was  distilled."  I'toducts  of  distillation  were  hcxacihyldlslloxanc 
with  b.p.  85-8G.5*  (9  mm),  n^  1.4315  [5],  triethylphenoxy-silanc  with  b.p.  123-128*  (20  mm),  n^®  1.48-10  (Table 
4).  and  unchanged  tricthyl-(p-bromophcnoxy)-silanc  with  b.p.  162-1G4*  (32  mm),  n^^®  1.5150  (Table  3).  The 
resin,  formed  in  large  quantity,  did  not  contain  silicon. 

Synthesis  of  mcthyl-(p-tripropylsiloxyphcnyl)-carbinol.  Starting  components  were  40  g  of  tripropyl-(p- 
bromophcnoxy)-silanc.  3.1  g  of  magnesium,  IG  g  of  acetaldehyde,  and  180  ml  of  absolute  ether.  The  carbinolate 
was  decomposed  with  water.  The  following  fractions  were  obtained  after  the  ether  had  been  distilled  off:  first 
128-134*  (8-10  mm).  2  g,  n^®  1.4800,  containing  tripropylphenoxysilanc;  second  134-13G*  (8  mm),  5.G  g,  n*® 

1.4834,  consisting  of  tripropylphenoxysilanc  (Table  4);  third  146-155*  (8  mm),  2.2  g,  i^®  1.4960,  an  intermediate 

fraction:  fourth  155-1G5*  (8  mm),  11.3  g,  n^®  1.5048.  Rcdistillation  of  the  last  fraction  gave  a  fraction  correspond¬ 
ing  to  methyl -(p-tripropylsiloxyphcnyl)-carljinol: 

B.p.  181-183*  (15  mm),  d^”  1.0345.  n  20  ^  5088,  MR  85.99;  calculated  89.21. 

Found ‘5^0:  Si  9.71,  9.65.  M  292.8,  294.R  292.0.  Cpll^JozSi.  Calculated  Si  9.51.  M  294.5. 

Experiments  with  the  Aim  of  Preparation  of  p-Trialkylsiloxy benzoic  Acids 

Grignard  reagents  were  prepared  by  the  procedure  described  above  and  then  transferred  to  a  flask  with  a 
large  excess  of  pulverized  solid  carbon  dioxide.  The  mixture  was  left  to  stand  until  it  had  reached  room  temper¬ 
ature  and  then  decomposed  with  dilute  sulfuric  acid  (1;15).  The  ethereal  layer  was  separated  and  thd  aqueous 
layer  extracted  with  a  small  quantity  of  ether.  After  the  ethereal  layer  had  been  worked  up  with  the  calculated 
quantity  of  2  N  NaOH  solution*  the  alkaline  extracts  were  run  into  a  large  excess  of  0.2  N  hyJtochloric  acid  so¬ 
lution.  The  precipitate,  consisting  in  all  cases  of  p-hydroxybenzoic  acid,  was  purified  by  sublunation  in  vacuo 
(10  mm). 

M.p.  209-209.5*.  According  to  the  literature  [6],  p-hydroxybenzoic  acid  has  m.p.  210*.  Neutralization 
equivalent  137.0,  137.2;  calculated  138.0. 

The  ethereal  layer  was  dried  with  sodium  sulfate.  The  residue  (after  removal  of  the  ether)  was  distilled 
to  give  the  following  fractions. 

For  R  =  CH3:  first  67-93*,  1.3758,  contains  much  hexamethyldisiloxanc;  second  93-100*,  n^  1.3775; 

after  refractionation  the  latter  had%.p.  99-100*,  n^^®  1.3775,  d^®  0.7650  corresponding  to  pure  hexaincthyldisil- 
oxanc;  third  101-176*:  intermediate  fraction;  fourth  176-186*  (crystallized  in  the  condenser),  identified  as  phenol 
(odor,  blue-green  color  in  aqueous  solution  with  ferric  chloride). 

For  R  =  02115:  first  67-68*  (10  mm),  cry'stallized  in  condenser,  identified  as  pure  phenol;  second  90-106* 

(10  mm),  n^^  1.4530,  consisting  of  hcxaethyldisiloxanc  with  a  small  admixture  of  phenol. 

For  R  =  C3H7:  first  68-88*  (8  mm),  crystallized  on  standing,  identified  as  pure  phenol;  second  88-89*  (8  mm), 
n*®  1.4452,  contains  tripropylsilanol  (see  below  for  piuification);  third  89-134*  (8  mm),n[y  1.‘17-IG,  intcrmcd;fourth  134- 
iB*  (8  mm),  d^^®  0.9131,  nj^  1.4823,  identified  as  tripropylphenoxysilanc  (Table  4);  fifth  168-174*  (8  mm),  n^ 
1.5068,  consisting  of  the  original  tripropyl-(p-bromophcnoxy)-silanc  (Table  3). 

The  same  substances  were  isolated  on  distillation  when  the  Grignard  complexes  had  been  decomposed  with 
water.  In  the  case  of  R  =  CH3  alone  was  a  small  quantity  of  trimcthylphenoxysilanc  obtained  [b.p.  60-63*  (11  mm), 
r^®  1.4792  (Taldc4))  apart  from  hexamethyldisiloxanc  and  plicnol. 

Decomposition  of  Grignard  reagents  prepared  from  tr ia  11: yl-(p-bromophcnoxy)-si lanes.  Grignard  reagents 
were  prepared  by  the  above  procedure.  Decomposition  was  effected  with  water  or  dilute  hydrochloric  acid  (1:10). 

The  ethereal  layer  was  dried,  the  ether  taken  off,  and  the  residues  distilled. 

a)  Decomposition  with  water.  With  R  =  CH.,  a  170-181"  fraction  was  obtained  in  addition  to  hcxamethyl- 
disiloxane,  phenol,  and  starting  trimcthyl-(p-brcmophcnoxy)-silanc.  Rcdistillation  of  that  fraction  yielded  a  sub¬ 
stance  with  b.p.  65-66*  (14  mm),  identified  as  pure  trimcthylphenoxysilanc  (see  Table  4  for  properties).  Yield 
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TABLE  4 

Trialkylphenoxysilanes  RjSiOCgHs 


When  R  ==  .ipart  from  small  qu.iniitics  of 
hexacthyldlsiloxaiic,  phenol,  and  starting  substance,  a 
111-112’  (12  mTn)  fraction  was  obtained.  It  was  identi¬ 
fied  as  tricthylphcnoxysilanc  (Table  4).  Yield  53.5‘’/o. 

b)  Decomposition  with  dilute  hydrochloric  acid 
(1;10).  When  R  =  CII3  or  C2H5,  the  reaction  products 
were  the  corresponding  hexaalkyldisiloxanes  and  phenol. 
Mcxacthyldisiloxane  was  found  in  the  227-233’ fraction 
(n^  1.44G2).  Rcdistillations  gave  a  fraction  with  b.p. 
231*,  n^°  1.4373.  'I'hc  higher  refractive  index  was  due 
to  admixture  of  phenol  which  Is  difficult  to  remove. 
Distillation  of  the  so  prepared  hexaethyldisiloxane  with 
aluminum  chloride  gave  triethylchlorosilane  with  b.p. 
140-144*.  Literature  data  for  triethylchlorosilane  [7]; 
b.p.  144-145*  (760  mm).  Two  additional  fractions 
[apart  from  phenol  and  the  original  tripropyl-(p-bromo- 
phcnoxy)-silane]  were  isolated  when  R  =  CjH;.  The 
first  fraction  was  tripropylsilanol:  b.p.  208-209*,  d^** 
0.8473,  n^°  1.4408,  MR^  54.20;  calculated  53.99; 
literature  data  [8]:  b.p.  207*.  The  second  fraction  had 
b.p.  145-146*  (12  mm)  and  was  tripropylphenoxysilanc 
(Table  4).  Yield  66.1‘7<». 

SUMMARY 

1 .  A  study  was  made  of  the  resistance  to  hydrol¬ 
ysis  of  Si-O-Car  bonds  in  triall<yl-(p-bromophenoxy)- 
silanes  and  in  the  Grignard  reagents  and  alcohols  derived 
from  the  silanes. 

2.  It  shewn  that  ih'';  Si-O-C^j  bor.ds  cf  p-trlal- 
kylsiloxybcnzoic  acids  are  not  resistant  to  hydrolysis, 
and  these  acids  undergo  hydrolysis  with  formation  of  the 
corresponding  silanols  and  p-hydroxybenzoic  acid. 

3.  Three  substances  not  previously  described  in 
the  literature  were  prepared  and  characterized :  triethyl- 
and  tripropyl -(p-bromophcnoxy)-silanes  and  methyl- 
(p-tripropylsiloxyphenyl)-carbinol. 
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Reactions  of  carbon  tetrachloride  with  unsaturated  compounds  [1],  which  proceed  in  presence  of  Initiators, 
have  br.M  n  "t;  i  closely,  but  those  of  carbon  tetrachloride  with  saturated  systems  have  been  little  studied. 

Work  li.iS  !  ed  on  reactions  with  aliphatic  hydrocarbons  [2],  alcohols  [3-6],  aldehydes  [7],  etc.  These 

reactions  can  be  efiected  only  at  high  temperature  [200*  and  higher]  or  in  presence  of  initiators  (a  peroxide  or 
light).  One  of  us  [8]  previousl  y  shewed  that  carbon  tetrachloride  reacts  with  toluene  at  225-235*  in  the  absence 
of  itiitiators  with  replacement  of  hydrogen  by  chlorine  in  the  side  chain. 

In  the  present  work  we  investigated  the  thermal  reactions  of  carbon  tetrachloride  with  ethylbenzene  and 
cumene  at  220-225*,  and  also  reactions  of  carbon  tetrachloride  with  toluene  and  cumene  at  room  temperature, 
and  with  toluene  at  76*.  Tlic  character  of  the  reaction  of  carbon  tetrachloride  with  ethylbenzene  and  cumene 
was  similar  to  tliat  of  the  reaction  with  toluene  [81:  chlorination  only  took  place  in  the  side  chain  of  ethylbenzene 
or  cumene.*  Reaction  of  etliylbenzene  with  CCl^  gives  chloroform,  HCi,  a  ^  ;.z p^lyrhloro 

derivatives  of  ethylbenzene.  The  yield  of  a-<  hloroethylbenzene  was  lower  than  that  of  the  polychloro  derivatives, 
and  the  quantity  of  the  latter  increased  with  increasing  proportion  of  CCl^  in  tiie  reaction  mass.  The  chlorine 
content  of  the  polychloro  compounds  was  equivalent  on  the  average  to  3-4  atoms  per  molecule  of  ethylbenzene. 
The  reaction  course  may  be  represented  by  the  equations: 

(V.ll5CIl2(;il3-}- CGI,  - -  CoIlr.CHClUIl,,  f  CIICI3 

U(;ll5f’-llClUll3  — -U.  Polyclilorinatcd  products. 

Hydrogen  chloride  may  be  formed  by  cleavage  from  the  polychloro  derivatives,  and  also  by  dctachmeni  of 
hydrogen  by  a  chlorine  atom  (since  CCl  -.Cl'  +‘CCl3).  Thermal  reaction  with  cumene  similarly  gave  chloro¬ 
form,  HCI,  and  polychloro  derivatives  ct  cumene  (the  average  molecular  weigln  corresponded  to  irichlorocumcne). 
Temperature  and  co-reagent  have  a  marked  influence  on  the  behavior  of  the  trichloromethyl  radical.  Phoioreac- 
tion  of  CCl^  with  toluene  at  room  temperature  gave  hexachloroethane,  a,a,cc-trichlorotoluene,  ••  benzylldcne 
chloride,  ••  and  HCI.  When  performed  at  the  boiling  point,  this  photoreaction  yielded  chloroform,  benzyl  chlo¬ 
ride,  and  bibcnzyl.  Hexchloroethane  was  not  found. 

The  results  show  that  the  trichloromethyl  radical  dimerizes  only  at  room  temperature;  at  higher  temper¬ 
atures  it  is  converted  to  chloroform,  in  the  case  of  cumene,  whose  a-hydrogen  atom  is  easily  split  off,  the  •  CClj 
radical  detached  hydrogen  even  at  room  temperature;  dimerization  of  the  ’CCI3  radical  was  not  observed.  In  the 
rcu  :tion  products  were  found  chloroform,  HCI,  hicumyl,  and  polychloro  derivatives  of  cumene.  The  reaction 
course  may  be  represented  by  the  following  equations: 

•Entry  of  chlorine  into  the  aromatic  ring  was  never  observed  in  any  of  the  reactions  that  we  Investigated. 

•  •Verified  by  hydrolysis  to  benzoic  acid  and  benzaldehyde. 
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'  -I-  2(:ci4  Coiiocnxi  -i-  iici  «-  c.^cio 

wiilioiit  healing 

P(*!  PPI 

CcUiCIUCl  — -V  CVfsCllCIa  CoHoC'.CIj 

f  eel,  - ^  Ccn5r.n2Cii2Con5  -i-  ciicij  +  iici 

with  heating 

L’(:oMiCii(cii3)2  I-  ►  CIIC13  4-  MCI  -I-  Con5C(cn3)2C(cii3)2Cji3 

CollsClUClIj);  -h  cr.l4^- CIICl3-l-.Cr.ll5C3l!oCl 

— ►products  of  further  chlorination  of  cuincnc. 


BIbenzyl  and  bicumyl  are  formed  during  photorcactlon  of  CCl^  with  toluene  by  dimerization  of  the  benzyl 
and  cumyl  radicals. 


EXPERIMENTAL 

Thermal  reactions  were  carried  out  In  thick-walked  glass  tubes  which  were  filled  with  reaction  mixture, 
sealed,  and  heated  in  a  Carlus  furnace.  The  tubes  were  afterward  opened,  the  reaction  mixture  was  washed  with 
water,  and  the  wash  waters  analyzed  for  their  HCl  content.  After  drying  with  CaCl2,  ili  ■  reaction  products  were 
fractionated. 

Photorcactions  at  room  temperature.  The  reaction  mixture  was  poured  Into  wide  quartz  test  tubes  which 
were  then  filled  wiili  nitrogen,  closed,  and  irradiated  by  ultraviolet  light  from  a  PRK-4  lamp  at  a  distance  of  20 
cm.  Solid  KOH  was  inserted  in  each  tube  as  an  absorbent  of  HCl.  After  completion  of  the  reaction,  the  reaction 
mixture  was  washed,  the  wasli  liquors  were  added  to  the  absorbent,  and  their  chlorine  content  was  determined  by 
the  Volhard  method.  The  reaction  mass  was  then  fractionated. 

Pliotorcaction  while  heating.  Reaction  was  effected  in  a  quartz  flask  fitted  v;ith  a  reflux  condenser. 

Nitrogen  was  passed  through  the  system.  A  PRK-4  lamp  was  sealed  into  the  inside  of  the  flask  via  a  quartz  tube; 
the  heat  of  the  lamp  maintained  the  reaction  mass  at  the  boil.  Hydrogen  chloride  was  taken  off  into  a  wash- 
bottle  (water)  and  determined  by  titration  with  0.01  N  NaOH.  The  reaction  mixture  was  then  fractionally  dis¬ 
tilled. 

Thermal  reaction  of  carbon  tetrachloride  v/ith  ethylbenzene.  A  mixture  of  153.8  g  of  CCI4  and  53.0  g  of 
ethylbenzene  was  heated  for  15  hr  at  220-226*.  Hydrogen  chloride  came  off  violently  when  the  tube  was  opened. 
The  reaction  mixture  had  a  dark  color  due  to  resinification.  The  hydrogen  chloride  content  (net  allowing  for  the 
HCl  lost  when  the  tube  was  opened)  was  1.82  g.  Fractionation  of  the  mixture  in  a  25 -plate  column  gave  chloro¬ 
form  (b.p.  61.5,  1.44GG).  Positive  »est  with  resorcinol.  The  chloroform  content  of  the  intermediate  fraction 

was  determined  from  tlie  refractive  index  (comparison  with  the  refractive  indices  of  standard  mixtures  of  CCl^  and 
CHCI3).  A  total  of  G.7  g  of  chloroform  was  obtained. 

After  unreacted  CCI4  and  ethylbenzene  had  been  taken  off,  2.63  g  of  ct-chloroethylbcnzenc  was  collected 
[b.p.  80-85*  (21  mm)].  Hydrolysis  of  the  latter  by  potassium  carbonate  and  sodium  carbonate  solution  gave  ct- 
phenylethyl  alcohol;  the  oc-phenylethyl  ester  of  3,5-dinitrcbenzoic  acid  had  m.p.  94.5-95*.  Ln  addition,  6.G8  g 
of  the  following  fraction  was  obtained  :  b.p.  132-136*  (10  mm).  M  227. 

Found  «7o:  C  44.25,  43.99;  H  3.55,  3.53;  Cl  52.9,  52.G. 

Oxidation  of  the  fraction  by  alkaline  permanganate  gave  only  benzoic  acid  with  mp.  122*.  A  mixture  with 
pure  benzoic  acid  melted  at  the  same  temperature.  The  itifrared  spectrum  of  the  fraction  indicated  absence  of 
chlorine  from  the  aromatic  ring.  The  distillation  residue  was  2.43  g  of  resin  which  was  not  further  investigated. 

An  experiment  v/ith  127.7  g  of  CCl.t  and  18.0  g  of  ethylbenzene  gave  1.45  g  of  HCl,  5.09  g  of  CHCI3,  1.23  g  of 
a-cblorocihylbcnzene,  7.48  g  of  132-135’  (10  mm)  fraction  ,  and  1.13  g  of  resin. 

Thermal  reaction  of  carbon  tetrachloride  with  cumene.  A  mixture  of  127.7  g  of  CCI4  and  20.4  g  of  cumenc 
was  heated  for  15  hr  at  220-225*.  The  reaction  products  were  worked  up  as  in  tlic  preceding  experiment  to  give 
1.45  g  of  HCl,  1.37  g  of  chloroform,  2.C3  g  of  colorless  oil  witli  b.p.  127-128*  (13  mm),  nj^  1.5577,  molecular 
weight  223  (chlorine  content  44. G6,  4-i.40‘’/o).  Oxidation  of  the  product  with  alkaline  perm.inganatc  gave  benzoic 
acid  with  m.p.  122*.  The  infrared  spectrum  indicated  absence  of  chlorine  from  tliC  ring.  Tlic  residue  was  1  g  of 
resin. 
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Pliotorcaction  of  carhoii  tctrachloriclr  witii  tohiciic  wiilioui  lirAiiii^’.  A  mixture  of  g  of  CCI4  .tncl  104  g 
of  lohicnc  w.is  irradiated  for  100  hr.  There  was  obtained  1.46  g  of  IICI .  Distillation  of  unreacted  CCI4  and  tol¬ 
uene  left  2.88  g  of  a  substance  with  b.p.  GO-1 04*  (11  mrn).‘  Sublimation  of  a  sample  of  this  substance  over  con¬ 
centrated  II2SO4  gave  hexachlorocthane  with  m.p.  188*  (melting  point  unaltered  in  admixture  with  authentic  hexa- 
chlorocthane).  Oxidation  of  the  product  with  alkaline  permanganate  gave  benzoic  acid  with  m.p.  122*  (no  depres¬ 
sion  in  admixture  with  an  authentic  sample).  Saponification  of  this  substance  gave  0.5  g  of  benzoic  acid  with  m.p. 
122*  (unchanged  in  a  ntixed  melting  point  test);  bcnzaldchydc  was  also  detected  (silver  mirror  test). 

Photorcaction  of  carbon  tetrachloride  with  toluene  when  heated.  A  mixture  of  538.4  g  of  CCI4  and  161.0  g 
of  toluene  was  irradiated  for  GG  hr.  There  was  obtained  0.23  g  of  IICI.  Distillation  through  a  rectifying  column 
gave  1.18  g  of  beuzyi  chloride  with  b.p.  61-70*  (14  mm).  The  S-benzylthiuroniurn  picrate  v/ith  m.p.  186.5*  was 
obtained.  In  addition,  distillation  at  136-140*  (12  mm)  gave  0.33  g  of  btbenzyl  with  m.p.  52*  (from  alcohol).  The 
dinitro  derivative  of  bibenzyl  with  m.p.  176*  was  prepared.  Extraction  of  the  rcsiti  with  hot  alcohol  gave  an  ad¬ 
ditional  0.25  g  of  bibenzyl.  The  residue  contained  0.22  g  of  resin. 

Photoreaction  cf  carbon  tetrachloride  with  cumene  without  heating.  A  mixture  of  384.6  g  of  CCI4  and  60.0 
g  of  cumene  was  irrrJirtcd  for  58  hr.  P.eaction  products  were  0.7  g  of  HCl,  1.37  g  of  chloroform,  and  0.58  g  of 
chlorinated  derivatives  of  cumene  with  b.p.  80-100*  (10  rnm).  Ligroine  extraction  of  ihe  resin  gave  0.3  g  of 
bicumyl  with  m.p.  117*.  A  mixture  with  authentic  bicurnyl  melted  at  the  same  temperatixe. 


SUMMARY 

1.  Thermal  reaction  of  carbon  tetrachloride  with  ethylbenzene  and  cumene  led  to  formation  of  chloroform, 
hydrogen  chloride, and  side  chain-chlorinated  derivatives  of  the  hydrocarbons.  Ethylbenzene  also  gave  a-chloro* 
ethylbenzene. 

2.  Photoreaction  of  carbon  tetrachloride  with  toluene  without  heating  led  to  formation  of  hexachloroethane, 
a  ,a.a-trichlorotoluene,  and  hydrogen  chloride.  Photoreaction  of  these  compounds  with  heating  gave  chloroform, 
bibenzyl  chloride,  and  hydrogen  chloride.  Photoreaction  of  carbon  tetrachloride  with  cumene  without  heating  gave 
chloroform,  bicumyl,  hydrogen  chloride,  and  chlorinated  derivatives  of  cumene. 
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Many  B -aminovinylcarbonyl  compounds-aliphatic,  aromatic,  alicyclic,  and  hcmicyclic-bave  been  des¬ 
cribed  in  the  literature.  Many  methods  have  been  devised  for  their  preparation,  and  some  of  their  properties  have 
been  described  cyclization  to  heterocyclic  compounds).  Opinions  differ,  however,  about  the  structure 

of  these  compounds. 

o  ir  on  ir  r' 

II  I  II  I 

nc-cii=c— NiiR"  n— c=^cii-c=^Ni\"  Rcocii2C=Nn" 

(I)  (11)  (111) 

Structure  (111)  was  rejected  by  Auwers  and  Susemihl  fl]  on  the  basis  of  refractometric  ir.vestigations.  A 
choice  between  the  remaining  two  formulas  is  difficult,  both  being  energetically  favored  due  to  conjugation  and 
intra-  or  intermolccular  association. 
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These  characteristics  were  described  by  Kochetov  and  Dombrovskii  [2].  Bonner  and  co-workers  [3]  pointed 
out  tbc  general  impossibility  of  disti nguisliing  between  structures  (A)  and  (B)  on  the  basis  of  refine  uinetric  meas¬ 
urements.  The  ketocnamine  structure  ( 1 )  is  mostly  favored  by  authors  who  studied  this  problem  with  the  help  of 
ultraviolet  [4  -14]  and  infrared  (4,  5,  9,  10,  15-21]  absorption  spectra  and  of  Raman  spectra  [22]. 

In  a  previous  communication  [23]  we  described  the  chemical  properties  of  the  iminc  of  phenylindandione 
(IV,  V  or  Via)  and  of  some  of  its  derivatives.  A  more  detailed  study  was  also  made  of  the  properties  of  the  imine 
of  niethylindandione  (IV,  V  or  Vlb)  which  will  be  the  subject  of  a  separate  communication. 

These  compounds  are  deeply  colored  and  do  not  contain  carbonyl  or  hydroxyl  groups;  they  also  do  not  pos¬ 
sess  marked  basic  properties  (sec  [23]).  Tlie  objective  of  the  present  work  was  tlic  study  of  the  structure  of  imincs 
of  some  2-substituted  indandioncs  with  the  liclp  of  ultraviolet  absorption  spectra.  Starting  substances  vrerc  the  im- 
inesof2-mcihyl-  and  2-phcnylindandioncs  and  the  corresponding  dikctoncs.  1  lantzsch  [24, 25]  reported  on  the 
ultraviolet  spectra  of  2-methyl  -  and  2-phcnylindandiones,  but  liis  data  require  verification.  A  spectroscopic  study 
was  also  made  of  several  other  substances  as  comparison  compounds. 
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Absorption  spectra  were  plotted  with  a  SF-4  spectrophotometer  in  the  210  -  350  m  /i  region.  Absorption 
curves  of  inethylindandlone  and  plienylindandione  and  tlieir  imines  arc  shown  in  Figs.  1  and  2.  All  these  com¬ 
pounds  have  an  absorption  band  at  215  —  225  m  p  which  hardly  alters  in  position  (wavclcngtli)  at  different  pH 
values.  Earlier  publications  [24-20]  also  contain  data  for  the  ultraviolet  spectra  of  indanedione  derivatives,  but 
do  not  report  the  presence  of  this  band  (the  lower  limit  of  measurements  was  240  m  ft  ).  Mangini  and  Passerinl 
[27]  mention  a  227  m  p  band  for  indandione.  Similar  bands  have  been  assigned  to  aromatic  aldehydes  and  ketones 
( for  example  [28] )  and  to  common  phenyl-substituted  fl  -aminovinyl  ketones  [7,  8].  The  215  -  225  m  p  band 
accordingly  correspt.nds  to  vibrations  in  the  carbonyl  group  conjugated  with  the  benzene  ring.  Imines  of  2-sub- 
stituted  indandioiies  also  possess  a  very  strong  double  band  at  253-  276  m  p  (  c  >  3  x  lO')  which  is  the  strongest 
for  these  compouiids.  This  eliminates  structure  (IV)  because  in  this  region  the  structure  (IV)  would  have  absorbed 
moiiotonically  or  would  have  given  only  bcnzenic  absorption  of  very  much  lower  Intensity  (compare  the  absorp¬ 
tion  of  the  extremely  weakly  ionized  phenyl-  and  methylindandioncs,  and  also  of  indandione  —  at  255  mp  [27]). 
Consequently  structures  (V)  or  (VI)  (a  and  b)  enter  into  consideration  for  the  imines.  In  the  case  of  acyclic  amino¬ 
vinyl  ketones  (see  A,  B)  the  transition  from  one  form  to  the  other  is  associated  only  with  the  overcoming  of  the 
potential  barrier  of  tlie  inner-molecular  hydrogen  bond  (15.5  kcal/mole)  [2].  In  our  case,  however,  such  a  hydro¬ 
gen  bond  is  absent,  and  the  (V)  =5^  (VI)  transition  must  require  a  very  much  greater  energy.  With  the  aim  of  solv¬ 
ing  this  problem  we  synthesized  a  compound  with  an  unequivocal  enamine  structure  —  3-N-ethyl-N-phenylamino- 
indone  (VII).  This  compound  has  not  previously  been  described  and  was  obtained  by  the  Schlossberg  method  [29] 
from  3-bromoindone  and  ethylaniline.  3-PhenyIaminoindone  [29]  (VIII)  was  also  prepared.  Comparison  of  the 
absorption  spectra  of  2-methylindandione  imine,  (VII),  and  (VIII)  reveals  the  same  type  of  absorption  for  all  three 
compounds  (Fig.  3). 
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All  these  compounds  have  a  strong  absorption  band  in  the  above  -mentioned  region  (253  -  276  mp).  Attach¬ 
ment  of  a  phenyl  group  to  the  nitrogen  atom  leads  to  some  general  changes  in  absorption.  Tlie  253  —  276  m  p 
band  becomes  appreciably  broader,  and  the  absorption  of  aniline  (or  of  substituted  aniline)  becomes  superposed  on 
it.  The  consequence  is  the  development  of  an  additional  band  or  of  an  inflection  in  the  280  m  p  region  and  in¬ 
tensification  of  absorption  in  the  220  -  240  m  /i  region  (overlapping  of  the  B-  and  K -bands  of  aniline  respectively 
—  sec  for  example  [28]).  A  similar  spectral  additivity  is  reported,  for  example,  by  M.  A.  Valyashko  [30].  It  is 
noteworthy  tliat  the  position  of  the  253  -276  m  p'  band  scarcely  ahers  with  attachment  to  the  nitrogen  atom  of 
phenyl  (VIII)  or  ethyl  and  phenyl  (VII),  whereas  the  ratio  of  intensities  of  the  maxima  cliangcs  appreciably  (con¬ 
trary  to  what  is  reported  in  [11]).  Tliis  may  possibly  be  due  to  the  amino  group  and  the  ethylaniline  and  aniline 
groupings  (Vb,  VII,  Vlil)  being  outside  the  plane  of  the  remainder  of  the  molecule  so  that  substitution  at  the  amino 
group  only  results  in  a  small  hypsochromic  or  bathocliromic  sliift  of  the  absorption  band  characterizing  this  system. 
A  similar  phenomenon  caused  by  steric  hindrance  is  mentioned  by  Kiprianov  [31]. 

In  the  light  of  the  foregoing  facts  we  arc  justified  in  assuming  that  the  structure  of  'he  imines  in  a  polar 
medium  is  similar  to  (VII),  i.e.  they  have  a  kctoenaminc  structure  and  react  as  such.  It  must  be  noted  that  the 
above  considerations  are  very  probably  applicable  in  particular  to  solutions  in  polar  media.  Kazitsyna  and  co¬ 
workers  [32]  investigated  compounds  of  the  type  of  salicylaldimines;  the  absorption  specfa  and  interaction  of 
grotips  of  these  compounds  alter  appreciably  on  passage  from  inert  to  polar  solvents.  The  structure  of  solid  Imines 
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Fig.  1.  Absorption  curves.  1)  Mcthyl- 
indandionc  iminc  in  CH3OH:  2)  mcthyl- 
indandionc,  witli  sodium  methoxide,  in 
CM3OH;  3)  mcihylindandione  inline,  with 
sodium  methoxide,  in  CUsOii;  4)meihyl- 
indandione  in  CH3OH. 


Fig.  2.  Absorption  curves.  1)  Phenylindan- 
dionc  iminc  in  CII3OH;  2)  phcnylindandione, 
with  sodium  methoxide,  in  CH3OII;  3)phenyl- 
indandione  iminc,  witli  sodium  methoxide, in 
0113011;  4)  phcnylindandione  in  CH3OH. 


Fig.  3)  Absorption  curves.  1)  3- Hthylplicnyl - 
aminoindone  inCH30II;  2)  3-phcnylamino- 
indonc  in  CH3OII;  3)  methylindandione  iminc 
In  CiljOH;  4)  3-bromoindonc  in  CH3OH. 


must  be  investigated  by  means  of  the  infrared  spectra,  and 
this  will  be  the  subject  of  the  next  communication.  The 
253  —  276  m  p  band  of  "irnincs"  is  a  second  K-band,  and 
is  excited  by  the  vibrations  in  the  >  N  -  C  =  C~C  =  O 
system.  The  absorption  spectrum  of  3-bromoindone  (sec 
table  and  Fig.  3)  was  plotted  in  order  to  demonstrate  that 
the  253-276  m;j  band  is  indeed  excited  by  vibrations  in  the 
cliromophorc  O  =  C~C  =  C~X  (wdicrc  X  =  NH2.  NIIR.  NR2, 
Br).  The  strong  double  band  is  shifted  toward  the  short¬ 
wave  region  (X  =  Br)  (relative  to  tlic  nitrogen  analogs  of 
indone)  as  expected  in  view  of  the  weaker  electron-donating 
properties  of  the  bromine  atom  [11].  Not  one  band  but  a 
doublet  is  frequently  observed  (see  the  publications  of  Honda 
[33]  and  Ueno  [8]),  but  data  in  explanation  of  the  pheno  - 
nienon  are  still  scanty.  Finally,  a  tliird,  broad  absorption 
band  has. been  observed  at  about  300-320  mp  in  the  spectra 
of  imincs  and  the  corresponding  diketones.  This  is  probably 
the  normal  R-band  of  the  carbonyl  group.  Such  a  band  was 
found  by  Mangini  and  Passcrini  at  300  mp  in  the  spectrum 
of  indandionc  [27].  Imincs  also  absorb  in  the  visible  region 
(at  about  420-430  mp). 


Some  authors  [6-8,  33]  observed  tlie  300-  350  m  p  band  characteristic  of  arninovinylcarbonyl  compounds, 
whereas  Schad  [10]  found  a  band  in  tlic  sliort-wave  region  —  at  275  —  287  m  p  ;  in  the  case  of  our  compounds  the 
corresponding  bands  arc  at  still  longer  wavelengtiis.  We  account  for  tliis  difference  by  the  impossibility  in  our 
case  of  formation  of  clathratc  complexes  (compare  [7,  32]);  in  our  compounds  ilie  aminovinyl  ketonic  grouping 
enters  the  ring  witli  genuinely  transfixed  atoms  and  with  a  certain  conjugation  (in  this  connection  sec  also  [10]). 
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222 

2.6 

■ 

276 

3.1 

;  ^ 

32 'i 

0.55 

inline 

Ditto,  in  CH30Na 

— 

— 

— 

— 

275 

3.0 

321 

0.65 

Methylindandione 

221 

2.21 

— 

- 

25'.,  261 

3.12,3.27 

302 

0.09 

iminc 

Ditto,  in  cn30Na 

221 

1.12 

— 

253.  262 

2.75,  2.97 

316 

(0.03) 

3 -Phenyl  - 

225 

2.06 

283 

1.21 

253 

2.08 

326 

0.53 

aminoindane 

3-Phcnylethyl- 

216 

2.30 

2,S0 

1.4 

258 

2.25 

331 

0.22 

aminoindone 

3-Bromoindone 

— 

— 

251 

0.9 

2.3.5,  241 

3.3,3.15 

320 

0.2 

Phenyl  indandione 

225 

2.7 

2.55 

1.5 

- 

— 

302 

0.15 

Ditto,  in  CH30Na 

222 

30 

-- 

— 

278, 2S5 

3.0,  2.7 

— 

— 

Methylindandione 

22'. 

3..S9 

2'.S 

1.2 

— 

- 

290 

(0.07) 

Ditto,  in  CH30Na 

218 

'..11 

— 

— 

2.53.  262 

3.77. 3.88 

— 

The  ketocnainines  (\')  must  be  very  weak  acids;  this  implies  that  the  253-276  m  p  bands  in  particular 
should  not  change  appreciably  after  alkali  treatment;  the  only  change  is  in  the  ratio  of  intensities  of  the  maxima 
at  220  and  270  m  ;i  .  This  is  also  true  in  our  case  (see  figures  and  table).  Other  authors  have  reported  this  pheno- 
mcnon  [33]. 

Examination  of  the  absorption  spectra  of  compounds  of  the  indandione  series  reveals  yet  another  interesting 
fact.  Tlie  absorption  curves  of  the  imines  closely  resemble  those  of  the  corresponding  diketones  in  an  alkaline 
medium  both  in  intensity  and  in  the  position  of  the  bands.  In  an  alkaline  medium  indandiones  probably  form  the 
anion  (IX)  with  uniformly  distributed  electron  density.  Such  a  more  or  less  complete  uniformity  is  also  possible 
with  aminovinyl  ketones,  as  already  noted  [34].  In  our  case  this  form  is  represented  by  structure  (X). 


(DC)  (X) 


We  can  now  understand  the  difficulty  of  proving  the  presence  of  amino  and  carbonyl  functions  in  imines. 

We  can  also  understand  why  they  have  a  deep  color  and  high  melting  point  (relative  to  the  original  diketoncs— 
see  Experimental  and  [23]). as  well  as  why  tliey  are  poorly  soluble  in  nonpolar  and  weakly  polar  solvents  (benzene, 
carbon  tetrachloride,  ether).  The  displacement  of  the  unshared  electron  pair  of  the  nitrogen  along  the  chain  of 
conjugated  double  bonds  is  reduced,  for  cxantple  in  N-benzoyl  derivatives  of  imines  (XII),  but  their  acidity  in¬ 
creases  appreciably;  due  to  the  amidic  hydrogen,  compounds  (XII,  a,  b)  are  soluble  in  aqueous  alkalies. 

Compounds  (XII)  were  prepared  by  the  scheme; 


\r.y 


'C' 

I 

MI2 


pyridine 


/CO, 

Qii/  ^r.n 


^COCollj 

(X!) 

(a)  U  =  C.IU;  (b)  U=:C1I,. 


MlGOCulU 

(XII) 
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Dcnzoyl  derivatives  (XI)  and  (XII)  can  also  have  other  structures,  for  cxatnplc  (XI'),  (XIT),  (XII"),  but  struc- 
iiircs  (XI)  and  (XII)  were  confiriticd  for  the  benzoates  by  the  infrared  spectra  (details  in  a  forthcoming  communi- 
cati  on ). 

OOCCoIlr,  OOCColb, 

I  I 

c^\u(  y:u  {\\\/  >r.iii5  >c:i  CcW/  yc( 

MV  M'/  ^r/  Nc/  ^Ccii;, 


NCOCcIlr, 

(xr; 


NCO  Culls 
(XlT) 


Nil 

(XU") 


Nil 

(XllI) 


If,  for  example,  the  conjugation  between  the  carbonyl  group  and  the  nitrogen  atom  is  suppressed,  as  In 
compound  (XIII ),  then  the  basic  character  of  the  nitrogen  comes  into  play;  (XIII )  forms  salts. 

We  take  the  opportunity  of  expressing  thanks  to  A.  Grinval'd  and  O.  Neiland  for  plotting  the  absorption 
spectra. 


EXPERIMENTA  L 

Imin^  of  2-mcihyl-1 ,3-indandionc.  The  compound  was  prepared  for  the  first  time  by  student  M.  Kapar, 
but  we  slightly  modified  the  procedure.  To  a  solution  of  15  g  of  2-mcthylindandionc  [35]  in  50  ml  of  glacial 
acetic  acid  was  gradually  added  10  g  of  ammonium  acetate  (the  latter  must  be  as  dry  as  possible).  The  heated 
mixture  became  dark-red  and  quickly  deposited  red  needles.  After  the  mixture  had  set,  it  was  cooled  and  after 
a  day  it  was  stirred  in  a  liter  of  water,  filtered,  washed  with  water,  and  dried.  Yield  12  g  (S0%).  M.p.  220-221* 
(from  water);  sinters  at  213*. 

Found  N  8.38.  CjoIlgON.  Calculated  ^o:  N  8.81. 

3-N-rthyl  -N-rhenylaminoindone-l  (Vll).  To  a  solution  of  1  g  of  bromoindone  [29]  in  5  ml  of  absolute 
alcohol  was  added  1 .2  g  of  cthylaniline.  The  mixture  was  brought  to  the  boil  and  then  cooled; after  addition  of 
30  ml  of  absolute  alcohol,  the  mixture  was  allowed  to  stand  in  the  cold  for  2  hr.  The  cthylaniline  hydrobromide 
(0.84  g)  was  then  filtered  off.  The  filtrate  was  boiled  in  presence  of  active  carbon,  filtered,  and  evaporated  to 
dr)'ncss.  The  residue  was  dissolved  in  a  few  milliliters  of  benzene  and  ligroine  was  gradually  added.  The  mix¬ 
ture  was  allowed  to  stand  in  the  cold  for  24  hr,  filtered,  washed  with  ligroine,  and  dried.  Yield  0.715  g  (60°Jo). 
M.p,  109,5*  (from  a  mixture  of  benzene  and  ligroine). 

Found  ^o:  N  5.48.  CpHijON.  Calculated  %;  N  5.62. 

The  substance  is  readily  soluble  in  common  organic  solvents.  It  is  easily  cleaved  by  acids  to  form  indan  - 
dionc  and  N -cthylaniline. 

N,N-Dibcnzoate  of  phcnvlindandionc  imine  (XI,  R  =  CgH;).  A  mixture  of  5  g  of  phenylindandionc  imine 
[23],  50  ml  of  anhydrous  pyridine,  and  15  g  of  benzoyl  chloride  was  boiled  for  10  min.  After  cooling,  100  ml  of 
ethanol  and  10  ml  of  water  were  added.  The  next  day  the  product  was  filtered,  and  the  crystals  were  washed  with 
alcohol  and  dried.  Yield  7.4  g  (10%);  a  yellow  substance;  m.p.  207  —  208.5*  after  recrystallization  from  glacial 
acetic  acid. 

Found  N  3.55.  3.51.  CjgHigOjN.  Calculated  ‘/o;  N  3.2G. 

Low'cr  yields  were  obtained  if  ordinary  pyridine  was  used  instead  of  the  anhydrous  substance.  The  filtrate 
from  the  dibenzoate  deposited  the  N-monobenzoatc  of  phenylindandionc  imine  when  poured  into  water. 

N -Monobenzoate  of_plicnvliudandione  imine  (XII,  R  =  CrJIg).  The  dibenzoate  of  phenylindandionc  imine 
(0.5  g)  in  alcohol  (10  ml)  was  boiled  with  excess  of  sodium  cthoxide  for  20  min.  The  solution  became  carmine. 
After  cooling,  a  little  water  was  added  to  dissolve  the  precipitated  sodium  salt  of  the  N-monobenzoatc  of  the 
imine  and  the  liquid  was  neutralized  with  liydrocliloric  acid.  Filtration  was  performed  after  an  hour.  Rccrystal- 
lization  from  dilute  alcoliol  gave  orange  needles-,  yield  0.22  g  (68,5  %),  M.p,  183-184*  after  rccrysiallizaiion 
from  acetic  acid  and  dilute  alcohol. 

Found  7o;  N4.57,  CjjIlijOzN.  Calculated  N  4.35. 
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The  compound  is  re.idily  soluble  in  common  organic  solvents.  It  dissolves  in  concentrated  aqueous  caustic 
alkali  and  alcoholic  alkali  with  a  carmine  color.  Boiling  of  an  alcoholic  solution  of  the  mono-  and  dibenzoates 
of  the  inline  witli  hydrochloric  acid  results  in  Iiydrolysis  to  filienylindandionc. 

N.N-Pihcnzoatc  of  2-tm-iliylindandione  imine  (XI,  II  =  CII3).  A  mixture  of  2  g  of  mcthylindandlcne  imine, 
10  ml  of  pyridine,  and  l.l  g  of  benzoyl  chloride  was  boiled  for  10  min.  After  cooling.  15  ml  of  alcoliol  and  5  ml 
of  water  were  added.  The  following  day  the  orange -yellow  crystals  were  filtered  and  washed  witli  alcohol.  Yield 
1.18  g  (25.6%).  M.p.  2l'l  -215*  (from  glacial  acetic  acid). 

Found  %:  N  3.93.  Cj^IIjtOjN.  Calculated  %:  N  3.81. 

The  filtrate  after  separation  of  the  dibenzoaie  was  poured  into  water.  Fine  crystals  of  the  N -monobenzoate 
of  methylindandione  imine  came  down.  Yield  1.94  g  (58.7%).  Orange  needles;  m.p.  165*  (from  alcohol). 

Found  %:  N  5.55.  C17H23O2N.  Calculated  %;  N  5.32. 

N-Monobenzoate  of  methylindandione  imine  was  also  obtained  by  cleavage  of  the  dibenzoate  of  methylin¬ 
dandione  imine  (same  procedure  as  in  the  preceding  experiment).  The  chemical  properties  of  the  mono-  and 
dibenzoates  of  methylindandione  imine  are  similar  to  those  of  the  analogous  derivatives  of  phenylindandione 
imine. 

2-Phenyl-2-benzylindandione  imine  hydrochloride.  To  a  solution  of  5  g  of  phenylindandione  imine  in 
13.5  ml  of  3% sodium  ethoxide  solution  and  35  ml  of  alcohol  was  added  6.7  g  of  benzyl  bromide.  The  mixture 
was  boiled  for  5-10  min  and  cooled  slightly.  Addition  was  then  made  of  7  ml  of  concentrated  hydrochloric  acid. 
The  still  warm  solution  was  filtered  from  sodium  chloride  and  bromide.  2-Phenyl-2-bcnzyl-l ,3-indandione  imine 
hydrochloride  came  down  from  the  filtrate  and  was  filtered  and  washed  with  alcohol.  Yield  4.5  g.  Pale-yellow 
crystals  with  m.p.  236-237*  after  four  recrystallizations  from  glacial  acetic  acid. 

Found  %:  N3.51.  CjallisONCl.  Calculated  %:  N  4.03. 

Tlie  salt  is  slightly  soluble  in  water  but  liydrolyzes  when  heated  (see  below).  The  chlorine  is  in  ionogenic 
combination  (precipitate  with  silver  nitrate). 

Hydrolysis  of  2-phcnyl-2-benzvlindpndio!m  imine  hvdro^Mf-'rtH«> .  The  ciir  (0  .5  ol  was  boiled  in  alcohol 
(10  ml)  v/ith  concentrated  hydrochloric  acid  (5  ml)  for  an  hour.  White  needles  came  down  on  cooling;  m.p.  103*; 
no  depression  in  admixture  with  authentic  2-plienyl-2-bcnzylindandionc  [36].  The  ammonium  was  detected  In 
solution. 

2-Phenyl-2-bcnzylindandione  imine  (XIII).  2-Phcnyl-2-benzylindandicne  imine  hydrochloride  was  treated 
in  the  cold  with  37o  sodium  ethoxide.  The  solution  was  diluted  witli  water,  and  the  precipitate  was  filtered  and 
twice  recrystallized  from  alcohol.  White  crystals  (m.p.  101.5—102.5*),  soluble  in  common  organic  solvents. 

Found  %:  N  4.64.  C22H17ON.  Calculated  %;  N  4.50. 

When  treated  in  the  cold  with  concentrated  hydrochloric  acid,  an  alcoholic  solution  of  the  substance  gives 
the  imine  salt  (see  above).  2-Phenyl-2-benzylindandione  imine  is  hydrolyzed  to  2-phenyl-2-benzylindandione 
with  very  great  facility  when  heated  with  acids. 


SUMMARY 

Ultraviolet  absorption  spectra  of  some  2-substituted  Indandiones  and  of  the  products  of  their  reaction  with 
ammonium  acetate  (so-called  imines)  were  plotted  .  The  imines  probably  have  an  enamine  structure  in  alcoholic 
solution.  Some  of  the  pliysical  and  chemical  properties  of  the  Imines  and  of  their  alkyl  and  acyl  derivatives  arc 
explained  in  the  light  of  the  proposed  structure  of  the  imines. 
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There  has  been  very  little  work  on  infrared  spectroscopy  of  indan  derivatives,  and  the  absorption  of  the  com¬ 
pounds  studied  is  usually  given  in  the  form  of  isolated  bands  [1-5],  In  a  previous  communication  [6]  data  were 
published  on  the  ultraviolet  spectroscopy  of  imines  of  2-substitutcd  indandioncs.  Since  for  compounds  with  pos¬ 
sible  prototropic  conversions  the  ultraviolet  absorption  spectra  can  indicate  their  actual  structure  only  in  solution, 
we  arc  concerned  in  the  present  work  with  the  structure  of  these  imines  in  the  solid  phase.  For  this  purpose,  infra¬ 
red  absorption  spectra  of  the  imines  were  measured  in  an  immersion  medium  (vaseline  oil)  and  in  solution.  In 
addition,  spectra  were  measured  for  comparison  on  a  number  of  other  compounds.  For  the  imines  of  2-substituted 
Indandiones,  two  formulas  are  under  consideration:  the  iminoenol  (A)  and  the  ketoenamine  (B)  (compare  [6]). 

'^11 

/« 

';0II  ■  lo 

(A)  f  B) 

aryl 

The  substances  investigated  and  their  absorption  are  listed  In  Tables  1  and  2. 

3  M  Region.  The  available  literature  data  in  this  frequency  region  for  aminovinylcarbonyl  compounds  are 
rather  contradictory.  Even  in  the  case  of  derivatives  of  8  -aminocrotonic  ester,  where  only  the  valence  vibrations 
of  the  N-M  group  may  be  considered,  frequencies  from  3100  to  3340  cm  "l  are  observed,  which  are  attributed  to 
the  vibrations  of  free  or  associated  N-H  groups  [7-9].  In  tlie  case  of  8 "aminovinylketones,  where  equilibrium  may 
exist  between  the  ketoenamine  and  the  iminoenol,  the  possibilities  of  vibrations  arc  still  greater,  and  their  study 
is  still  more  complex  [10-14].  On  the  question  of  which  frequencies  pertain  to  valence  vibrations  of  the  N-H 
group  and  which  to  the  O-H  group,  there  are  no  reasonably  valid  observations  except  those  given  in  an  article  by 
Weinstein  and  Wyman  [14].  This  work  represents  the  first  systematic  study  in  attacking  the  problem  of  the  struc¬ 
ture  of  8 ‘^minovinylkctones. 

Since  it  is  easier  to  distinguish  the  ahsor~tion  bands  of  phcnylaminoindones  (111)  -  (V).  the  discussion  will 
be  started  with  these  compounds.  The  phcnylaminoindones  (III)  and  (IV)  have  two  absorption  bands  at  about  3190- 
3375  cm'i,  and  Compound  (V)  has  one  at  3182  cm*i.  Since  in  dicliloroethanc  solution  the  lower  frequency  dis¬ 
appears  but  the  higlier  frequency  remains  [for  (V)  the  higher  frequency  makes  its  appearance],  it  is  obvious  that 
the  frequencies  near  3375  cm"^  correspond  to  the  free  valence  vibrations  of  the  N-H  group,  and  the  frequencies 
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TARLE  1 


Substances  for  which  Infrared  Spectra  were  Measured' 


Formula 

no. 

(I) 

<n) 

<"!) 


<IV) 


<V) 


<VI) 


(VIl) 


^VIII) 


(IX) 


<XIJ 


Name  of  compound 

Inline  of  methyl indandione 
Iminc  of  phenylindandione 


2-Mcthyl-3-plicnylaminoin- 

done 


2 -Phenyl -3 -phenyl  • 
aminoindone 


3-Phcnylaminoindonc 


3-N -Etliyl-N -phenyl  • 
aminoindone 


3-Broinoindonc 


1  -Kc.to-2  -phenyl  -2  - 
benzyl -3 -iminoindan 


Hydrochloride  of  (VIII) 


Formula 


<X)  2-Methyl-3-benzamidoindone 


2-Phenyl-3-bcnzamidoindone 


(A)  or  (B)  ;  II-CH3 
(A)  or  (D);  n^CoIlc 

I  I  ecu, 

I 

NHC.IU 

I 

NllCJt, 

V  /CO, 

/V  \ 

I!  I  ClI 

I 

Nnc.n, 

II  I  C!I 

/'N\ 

C,Il/ 


( 


CH 

-/\c^ 

I 

Hr 


,co^  ^c.n, 
c 

'^cn,c  •Ht 


NH 

/C.H. 

■  I  c 
II 

+NH,  Cl- 
H  t  ecu, 

I 

•  NIICOC.H, 
f  I  CC.II, 

I 

NHCOC.H, 


•Absorption  spectra  were  measured  by  an  IKS-12  spectrophotometer 
•  •  VO  =  vaseline  oil . 

•••D=  1.2-dichlorocthane. 


Medium 


VO(la)** 
D  (lb)*  *  • 
VO  (11a) 

D  (lib) 

VO(lIla) 

D  (lllb) 


VO  (iVa) 
D  (IVb) 


VO  (Va) 
D  (Vb) 


VO  (Via) 
D  (VIb) 


VO 


VO 


VO 


VO 


VO 


with  NaCl  prism. 


TABLE  1  (coniiiuiecl) 


Formula 

no. 

Name  of  compound 

Formula 

Medium 

(XII) 

1 

2  -Mctliyl  -3  -N,N  -dibcnzoyl  - 
aminoindone 

fi  1  cr.n, 

1 

VO 

C.H,CO-N-COC,H, 

(XIII) 

2 -Phenyl -3 -N,N -dibenzoyl- 

II  1  CC.H, 

\/\c^ 

VO 

aminoindone 

C.II,CO-N-COC,H, 

(XIV) 

2  -Phenyl  -3  -  benzoyloxyindone 

VO 

(!>0CC,H» 

(XV) 

2 ,3  -D  iphe  ny  I  i  ndone 

11  1  CC.H, 

VO  . 

1 

C.H, 

(XVI) 

2  -Me  thy  1  i  nda  nd  ione 

II  1  CIICH, 

II  I 

^C.H, 

VO 

(XVII) 

2 -Me  thy  1-2 -phenyl¬ 
indandione 

VO 

(XVIII) 

Sodium  salt  of  2 -methyl- 

1)  t  CCH, 

VO 

indandionc 

1  0-  Na> 

at  3190  cm"*  lo  tlie  valence  vibrations  of  the  associated  N-H  group  (here  and  elsewhere  the  question  is  one  of  in- 
termolccular  association).  Similar  valence  vibration  frequencies  of  N-H  groups  are  also  found  for  the  imlne 
benzoates  (X)  and  (XI).  at  3181  and  3175  ern'i  respectively. 

For  8  *‘icetamidocrotonic  ester  a  frequency  of  3225  cm"^  is  cited  [15],  and  for  acylated  vinylamines  3450 
cm’i  [16].  The  fact  that  we  are  here  dealing  with  just  the  vibrations  of  N-H  groups  will  be  obvious  from  the 
following.  The  free  imincs  (I)  and  (II)  in  solution  also  show  vibrations  at  3360-3380  cm"*.  In  addition,  a  3396 
cm"l  frequency  is  found  for  (II)  in  tlie  solid  form;  apparently  the  imine  of  phenylindandione  has  less  complete 
intcrmolccular  bonding,  so  that  the  frequency  of  free  vibrations  of  the  N-H  group  also  appears.  In  the  solid  form 
(I)  and  (n)have  tv/o  groups  of  bands,  at  3070  and  3283  cm"*  for  (I)  and  at  3108  and  3262  cm"*  for  (II).  These 
probably  represent  valence  vibrations  of  bonded  OH  and  NH  groups;  it  is  assumed  that  just  the  larger  values  of  y 
correspond  to  tlie  vibrations  of  the  N-H  group.  There  are  some  grounds  for  this  assumption  (sec  further).  In  solu 
tion,  (I)  and  (II)  show  the  previously  mentioned  frequencies  near  3370  cm"*,  which  correspond  to  free  vibrations 
of  N-H  groups,  and  frequencies  near  3470  cm"*,  which  correspond  to  free  or  weakly  bonded  vibrations  of  OH 
groups. 


6  n  Region.  In  the  double -bond  region  a  number  of  frequencies  have  been  observed  by  several  authors 
[10-13].  The  higliest  frequency,  about  1600  cm"* ,  is  usually  ascribed  to  valence  vibrations  of^C=0  [10-12).  In 


their  opinion  the  lower  frequencies  represent  ^^=0  and  C=N  double  bond^,  deformation  vibrations  of  N-H  groups, 
and  others.  In  their  article  Dombrovskaya  and  co-authors[13]  assume  that  the  frequency  vq^q  occurs  below  the 
frequency  It  is  hardly  possible  to  agree  with  this,  as  such  a  location  of  the  bands  contradicts  all  available 

experience  [17].  Since  tlie  authors  [10-13]  investigated  3 -aminovinylkctoncs  only  in  the  solid  phase  or  melt 
(substances  were  studied  in  solution  only  in  isolated  cases  [13]),  it  is  necessary  to  exercise  caution  In  agreeing 
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with  the  proposed  correspondence  of  frequencies  to  any  definite  group.  Recently  Weinstein  and  Wyman  [14]  in¬ 
vestigated  B -aminovinylkciones  in  solution  and  ihcrchy  avoided  the  effect  of  h)drogcn  bonds  on  the  frequencies 

of  the  groups  determined.  They  proved  conclusively  the  existence  of^C=0  and  NII2  groups  In  the  cotiipounds  and 
clearly  distinguished  the  absorption  bands  corresponding  to  these  groups. 

The  results  which  wc  obtained  sliow  once  again  that  not  one  of  the  tilirogeti-containing  cotiipounds  which 
we  described  [except  ('.Til)  and  (IX)  ]  exists  in  the  kctitiiine  fortii  (C).  Cotiipound  (Vlll)  served  as  a  model.  Here 

there  are  valence  vibration  frequencies  of^C=0  and  C=N  groups  at  1715  atid  1G19  cm"*  respectively.  In  the 
retiiaitiing  compounds  the  two  frequencies  are  not  present  together.  We  had  already  dcmotisiratcd  this  earlier  [6]. 


\Ac/ 


Diketo  compounds  have  valence  vibration  frequencies  of  ^C=0  groups  in  tlie  order  of  1710  and  1745  cm'*  [for 
(XVI)  at  1706  and  1743  cm'*,  and  for  (XVII)  at  1710  and  1747  cm-i). 

First  let  us  review  the  spectra  of  Compounds  (III)-(Vl).  In  the  solid  form  all  of  them  have  bands  near  1660- 

1670  cm'*  wliich  wc  attribute  to  valence  vibrations  of  thc^  C=0  group  [in  accord  with  Formula  (H)].  In  solution 
this  frequency  is  shifted  for  (III)-(V)  on  the  average  20  cm'i  in  the  direction  of  higher  values  of  v.  This  frequency 
for  (VI)  also  undergoes  a  slight  shift.  From  this  it  tnay  be  concluded  that  in  the  solid  form  the  phcnylaminoin- 
dones  (III)-(\')  [Formula  (B),  R*  =  Ceils]  are  partially  associated  and  have  a  strong  inicrmolecular  hydrogen  bond 
/ 

of  the  type  N-II  .  .  .  0-C,^;  In  addition,  the  molecules  probably  affect  each  other  also  as  dipoles  [shift  of  (VI)]. 

In  the  solid  form  Compounds  (III)  and  (IV)  have  two  more  frequencies,  in  the  regions  1593-1601  and  1565-1585 
cm'*.  The  first  band  is  caused  by  deformation  vibrations  of  the  bonded  N-H  group;  this  frequency  is  not  observed 
in  solution.  The  free  deformation  vibrations  of  the  N-H  group  correspond  to  the  1565-1585  cm'^  frequency.  For 
(III)  and  (IV)  the  association  is  partial,  since  in  the  solid  fortn  they  have  both  of  these  bands,  and  in  addition 
have  a  band  of  free  valence  vibrations  of  the  N-H  group. (see  Table  2).  Compound  (V)  is  associated  completely; 

TABLE  2 

Absorption  of  Substances  Studied  • 


1516  1516  If, VI  1527  1531  I52S  15TI  15.56  1551  1550 

'’73“  “  ”62  “  IvT  'litr  "m:”  "in"  T»i  Ts  7:1  ■70”  '’'c=^c 

1574  H)7-1  1^71  1577  1T..S5  1561  1.575  1^) 

'4.S  “/(F  23'  ~2\r  ~7'!r  ~,T  'tF'  “  .50  “■  Free  ^nh 

1601  1.595  1596 

_  ----  _  Ponded  ^Nii 

1613  1611  1611  1693  1617  1619  1610  1611  1609  Ifl’o'J  159S  1600 

41  ”39'  40’  3.F  hiF  "2T~  “ih"  'iTF  ~4  r  26  “iif  “iF'  in  benzene 

ring 

1637  16:i,S  16.31  1631 

'mT  (iif  '5!)”  FF  “  -  —  ..  -- 


•Absorption  of  the  substaticcs  is  presented  in  the  fortn  of  fractions;  The  frequencies  of  the  maxitna  arc  given  in 
the  numerator,  atid  their  intensity  in  the  particular  experiment  is  given  in  the  denominator.  The  frequencies  of 

the  valence  and  deformation  vibrations  of  CHj-,  -CHj-,  and-^CH  groups  arc  not  presented,  since  the  medium  for 
the  tneasurctnents  was  vaseline  oil  or  dichlorocthane.  Compounds  (I)-(Vl)  have  low  solubility  in  carbon  tetrachlo¬ 
ride. 
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TABLn  2  (continued) 


Si 

ci 

Si 

a 

> 

1 

1  (IV  b) 

1 

ci 

> 

XI 

> 

> 

Jo 

> 

Origin 

ir,.s5 

IBS') 

1687 

16.6'. 

1681 

1062 

1682 

1660 

16  S3 

IBC.O 

1673 

2^ 

"Tu" 

“2ir. 

“'.■fT 

26 

"(ir 

“21" 

ITo" 

22" 

li5* 

30  ■ 

''g=:0 

1741 

1729 

““ 

— 

— * 

Ts' 

— 

1 

— 

10 

— 

— 

? 

3070 

3108 

1 

“3ir 

37 

“ 

“ 

— 

— 

— 

Bonded  ^oii 

32S3 

3262 

3191 

3191 

3182 

■44' 

'YT 

52 

—  . 

7)2“ 

— 

— 

— 

Bonded  ^Nii 

3376 

3396 

3367 

3371 

3365 

3370 

33 'll 

3388 

22 

17 

5i 

TT 

'3(i" 

4 

10 

— 

Free  "'nh 

3470 

3469 

21 

15 

! 

Free  ^on 

s 

> 

> 

> 

> 

Origin 

> 

> 

X 

X 

X 

X  , 

X 

X 

X 

X 

X 

w  1 

w  ■ 

1500 

1508 

1519 

40 

61 

86 

~ 

— — 

— 

— 

Bonded  °nji 

1585 

1593 

1502 

“ 

“* 

41 

"58~ 

— 

— 

56 

— 

''c-G  in 

benzene  ring 

lf)B9 

1509 

1593 

1601 

1602 

1602 

1600 

1600 

1600 

1594 

1596 

1619 

56 

■57' 

6)0 

57 

53" 

50 

“or 

'W 

42 

66 

68" 

4(7 

''g=g 

benzene  ring 

1541 

1583 

1585 

1624 

1623 

1638 

1610 

1510 

69 

— — 

"sT 

52 

30 ' 

"36 

55 

43 

— 

— 

T»7" 

''g=g 

1649 

73 

—— 

“ 

“““ 

-  ' 

— 

— 

— 

— 

— 

''g=n 

1641 

1656 

1673 

1691 

“ 

84 

80 

80 

00 

1 

— 
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— 

Amide  ^G^o- 

1720 

1715 

1707 

1706 

1706 

170'. 

1703 

1717 

170'. 

1706 

1710 

1566 

■  b'J 

8,S 

"79 

lijr 

~W 

75 

01 

87 

01 

85 

01 

~7T 

^C:=o  of  ring 

1744 

1735 

1717 

1743 

1747 

75 

28 

65 

— 

70 

58 

— 

''c=o  of  ring 

1652 

1 

1719 

1715 

“ 

82 

67 

77 

— 

— 

— 

— 

— 

Amide  ^o==i> 

1772 

10 

— 

— 

— 

— 

Amide  ^c-o* 

1740 

_ 

01 

— 

— 

— 

— 

Gster  ^c=o. 

1684 

91 

— 

*~* 

_ 

— 

— 

— 

— 

— 

''c--n*6 

3191 

3386 

3181 

3175 

ti2 

48 

61 

67 

'nu 
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in  tlic  solid  pliasc  the  iriG5-15B5  cm**  frequency  docs  not  exist,  nor  docs  the  free  valence  vibration  frequency 
of  the  N-II  group.  Compounds  (III)-(VI)  have  a  frequency  at  IhOS-lGlO  cm"*,  wliich  is  little  changed  in  solu¬ 
tion.  This  represents  the  vibration  frequencies  of  the  double  bonds  in  the  benzene  ring.  Iti  the  present  ease  the 
phenomenon  described  by  *«’rinstcin  and  Wyman  [Id]  is  observed  ;  In  solution  the  bands  of  the  5^^^^  and  v 
frequencies  arc  shifted  in  opposite  direction. 

The  position  of  the  valence  vibration  batids  of  the  ^C=0  group  is  also  characteristic.  The  Indan  system, 

posscssitig  a  five-membet  d  ring,  in  getieral  shows  stnall  sliifts  of  the  valence  vibration  freqitency  of  thc^C=0 
group  either  upoti  conjng'’tion  or  upon  introduction  of  a  nucleophilic  substituettt  into  the  fivc-tnembered  ring.  In 
cyclopentanonc  systetns  introducing  a  double  botid  into  the  a,  fl  position  (relative  to  the  carbonyl  group)  gives 

rise  to  the  normal  displacetncnt  of  valence  vibration  frequencies  of  th(:^C=0  group  (for  example,  [18-19]);  on 
the  contrary,  in  the  pair  indanone-indone  an  increase  of  frequencies  is  observed  upon  introducing  a  double  bond 
into  the  fivc-mcmbcrcd  ring.  For  indanone  ^  occurs  at  1G98  cm**  [5]  in  the  solid  phase  and  at  1708  cm**  in 
solution  [2];  for  d ,7-dimethoxyindanonc  in  sohuion,  1703  cm**  [2],  For  2,3-dimcihylindonc  this  frequency  occurs 
at  1700  cm'*  (in  the  solid  fortn)  or  1712  ctn'*  (iti  carbon  disulfide)  [d];  according  to  our  data  for  2,3-diphcnylin- 
done,  ^  occurs  at  1701  crn‘*  (iti  solid  form).  For  this  substance  Josicn  cites  frequency  values  of  1G98  cm"*  (in 
solid  form)  or  1713  ctn**  (in  carbon  disulfide)  [4].  Furtlier,  it  would  be  expected  that  upon  introducing  a  nucleo¬ 
philic  group  (Y)  into  position  3  [see  (D)].  the  shift  of  v  in  the  direction  of  lower  frequencies  will  be  relatively 
small.  As  is  evident  from  the  data  of  Table  2,  this  is  acfually  true  (shift  —  20  cm**).  Possibly  this  plicnomenon  is 
connected  with  strain  in  the  five-membered  ring.  At  the  same  time,  a  shift  of  ^  up  to  80  cm"*  is  observed 
for  acyclic  compounds  (sec  for  example  [17]). 

Y 


(U) 

For  the  imincs  (1)  and  (II)  a  band  at  1634  — )G38  cm**  is  observed  both  in  the  solid  form  and  in  solution.  This 
indicates  either  that  the  bond  in  question  docs  not  participate  in  hydrogen  bond  formation  (compare  the  3  p  region), 
or  that  there  are  only  nonplanar  hydrogen  bonds  wliich  have  little  effect  on  the  valence  vibration  frequencies  of 
the  double  bonds  [20].  Fabian  and  co-workers  indicate  that  the  frequency  in  general  is  little  changed  cither 

upon  association  or  upon  conjugation  [21],  We  attribute  the  1G34-1G38  emt "frequency  to  valence  vibrations  of 
the  C-N  group,  since  this  frequency  is  too  low  for  thc/C=0  group.  Fabian  and  co-workers  indicate  a  fairly  wide 
range  (lGlO-1670  cm** )  for  the  frequency  of  the  C=N  group  [21,22].  Pickard  and  Polly  give  a  somewhat  sharper 
frequency  range,  1605-1G55  cm**  [23].  Opportunely,  the  frequency  of  an  unconjtigat ed  C=N  group  in  tlic  indan 
system  occurs  at  1G49  cm**  [Compound  (VIII)];  therefore,  for  Compounds  (1)  and  (II),  in  accord  with  Formula  (A), 
the  frequency  of  valence  vibrations  of  the  C=N  group  should  be  expected  iti  exactly  the  range  of  frequencies  which 
Is  observed,  lienee,  in  tlic  imines  (1)  and  (II)  in  the  solid  phase  the  iminocnol  fortn  predominates.  The  deforma¬ 
tion  vibration  frequencies  of  tlic  N-H  group  are  little  chatigcd  upon  transition  form  the  solid  substance  to  a  solu¬ 
tion.  This  signifies  that  the  iminc  hydrogen  atom  takes  little  part  in  hydrogen  bonding  [compare  the  frequency 
of  339G  cm**  for  (II)  in  the  solid  form].  This  case  confirms  the  assumption  on  the  origin  of  the  bands  in  the  3250- 
3300  cm"*  region  for  Compounds  (I)  and  (II)  (see  above). 

Another  case  is  of  interest.  For  (1)  in  the  solid  form  a  weak  band  appears  at  1G85  cm**.  This  same  band 
appears  for  Compounds  (I)  and  (II)  in  solution.  From  the  foregoing  it  follows  that  this  is  the  vibration  frequency 
of  the  nonassociated  carbonyl  group.  Hence  in  nonpolar  solvent  also,  a  certain  portion  of  the  imincs  (I)  and  (II) 
is  converted  from  form  (A)  to  form  (8).  This  demonstrates  the  possibility  of  rather  ready  cotivcrsion  of  the  tauto¬ 
meric  forms  A**-  D  even  in  the  absctice  of  intratiiolecular  hydrogcti  bonditig  (cotiipare  [G]).  As  was  shown  previously 
[6],  in  methanol  medium  it  is  considered  that  the  ketoenatnine  form  prcdotnitiatcs. 

In  this  cotinection  we  propose  that  in  the  solid  fortn  the  itnirics  (I)  and  (II)  exist  in  the  form  of  chaiti  "poly¬ 
mers". 
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Thc  Inline  (I)  evidently  contains  also  a  small  quantity  of  the  cnanilne  (11)  in  the  solid  form.  From  the  low 
values  of  the  valence  vibration  frequency  of  the  Oil  groups,  it  follows  that  the  hydrogen  atom  In  the  hydroxyl 
group  Is  rather  loosely  bound  (compare  [24]).  Upon  dissolving,  depending  upon  the  polarity  of  the  solvent,  either 
free  molecules  of  the  ketoenamine  (B)  (in  methanol)  or  the  iminoenol  (A)  (in  dichloroethanc)  may  be  formed 
preferentially,  O’Sullivan  and  Sadler  also  point  out  a  similar  coupling  of  molecules  Into  chain  polymers  In  the 
case  of  3-formylIndole.  They  also  assume  a  similar  breaking  of  the  bonds  upon  dissolving  the  substance  (25). 

Compounds  (I)  -  (VI)  in  tlie  solid  form  have  a  very  intense  absorption  band  at  1530-1555  cm**.  A  similar 
band  is  also  observed  by  other  authors  [10-13];  they  attribute  this  band  to  vibrations  of  the  polarized  double  bond 
C=C  (in  6  -aminovinylketones  this  has  to  some  extent  a  "sesqui-"  character).  Mecke  and  Funck  [29]  also  point 
out  a  similar  phenomenon  for  acctylacetone.  In  our  opinion  the  1530-1555  cm**  frequencies  for  Cotnpounds  (I)- 
(VI)  should  be  attributed  expressly  to  vibrations  of  the  double  bond  in  the  five-membered  ring.  A  similar  band  is 
also  shown  by  3-bromoindone  (VII)  (at  lb'll  cm"*). 

The  sodium  salt  of  methylindandione  has  an  absorption  band  at  1510  cm**.  The  band  at  1520-1555  cm”^ 
for  3-phcnylaminoindoncs  (in)-(VI)  is  decreased  in  intensity  upon  dissolving  the  substance,  and  for  (I)  and  (II)  It 
disappears  cotnpletcly;  possibly  it  is  shifted  in  the  direction  of  lov/er  frequencies  and  is  masked  by  the  background 
absorption.  This  phenomenon  cannot  be  explained  at  present.  The  appearance  of  certain  secondary  bands  is  also 
unexplained;  for  example.  Compounds  (III)  and  (V)show  a  slight  absorption  above  1700  cm**. 

The  unconjugated  C=Mn2  group  of  derivatives  of  2,2-disubsrituted  indandiones  absorbs  at  1684  cm**  [Com¬ 
pound  (IX)),  l.e.,  in  the  usual  range  of  frequencies  for  ammonium  cotnpounds  [9,  26,  27].  The  conjugated  systems 
111  /  111/ 

I[OC  =  C — (]=N‘'  andI[OC  =  G — Ci=N*'  have  the  corresponding  absorption  band  at  ~  1600  cm**  [28]. 

\  \ 

The  N-benzoyl  derivatives  of  irnincs  of  methyl-  and  phcnylindandioncs  occupy  a  rath'’r  tp-’-r-'l  position. 
They  were  obtainedas  substances  for  comparison  in  the  previous  phase  of  the  studies  [6];  it  was  necessary  to  esta¬ 
blish  their  structure  firmly. 


The  N-monobenzoates  of  imines  (X)  and  (XI),  judging  by  their  chemical  properties,  could  have  the  follow 
ing  structures. 
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The  form  (G)  is  eliminated,  since  it  should  not  absorb  in  the  3p  region  and  should  absorb  near  1630  cm** 
(vibration  frequency  of  the  C=N  group  in  acylimines  [30]).which  was  not  observed.  As  already  indicated  above, 
a  frequency  appears  in  the  3180  cm**  region  (vibrations  of  associated  N-H  groups).  Compounds  (.X)  and  (XI)  absorb 
in  the  1650  cm**  region  (absorption  of  the  amide  carbonyl  [I6,17]).and  in  two  bands  above  1700  cm**.  This  un¬ 
doubtedly  indicates  the  structure  (F).  The  band  near  1510  cm**  possibly  corresponds  to  deformation  vibrations  of 
the  N-U  group,  since  in  the  dibenzoates  (XII)  and  (Xlll)  this  frequency  is  absent.  Rosenkranz  cites  a  1520  cm"* 
frequency  for  acylcnamines  [16].  The  band  near  1585  cm"*  is  attributed  to  vibrations  of  the  polarized  double  bond 
in  the  five-membered  ring.  We  will  deal  later  with  the  question  of  why  two  valence  vibration  frequencies  appear 

for  the  ^C=0  group,  and  two  amide  frequencies  for  (X). 

2-Phcnyl-3-bcnzoyloxyindonc  (XIV)  has  absorption  entirely  as  expected;  frequency  of  the  benzoate  carbonyl 
at  1740  cm**  (compare  y  ^  of  vinyl  esters  [17,31]),  frequency  of  the  ring  carbonyl  group  at  1717  cm**,  frequency 
of  the  double  bond  at  163S  cm**,  and  strong  benzene  absorption  at  1593  and  1600  cm**. 
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The  clihenzoates  of  iiiiiiics  of  methyl-  nnd  phcnylhidaiidlone  (XII)  and  (XIII)  may  be  assigned  the  structures 
(11)  or  (J),  in  accordance  with  their  chemical  behavior  (see  [G]). 
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II 

Cciit  cn 

\c^  . 

I 

ColloCO/  \COC0II5 
0) 

The  structure  (11)  is  improbable,  as  tlie  benzoate  carbonyl  frequency  is  not  observed,  and  the  appearance  of 
bands  near  1700  cm'^  is  not  explainable.  The  structure  (J)  remains  as  the  most  probable.  The  frequency  near 
1703  cm"’  orresponds  to  tlie  valence  vibrations  of  the  ring  carbonyl  group,  since  Compounds  (XII)  and  (XIII) 
should  absorb  similarly  to  free  indenes.  In  addition,  tlicre  are  a  number  of  bands  in  the  range  1G70-1770  cm"^. 

They  arc  atttihuted  to  vibrations  of  the  amide  carbonyl  groups.  Actually,  the  dibenzoates  (XII)  and  (XIII)  are  s^an- 
mctrically  constructed  systems  conforming  to  (J);  here  splitting  of  the  carbonyl  bands  into  two  or  even  three  bands 
Is  expected,  Ihis  plienoincnon  was  also  observed  by  Abramovitch  [32].  A  similar  splitting  of  frequencies  of  the 

groups  is  also  observed  for  the  inonobenzoates  (X)  and  (XI),  since  they  may  be  considered  as  vinylogs  of 

diacylamines.  Other  authors  [19,  33,  34]  also  point  out  splitting  of  carbonyl  bands.  The  band  near  1G25  cm"^ 
corresponds  to  vibrations  of  the  double  bond  of  the  five-membered  ring,  and  the  remaining  frequencies  to  benzene 
absorption.  As  is  evident  from  the  results,  the  band  of  the  C=C  double  bond  undergoes  displacement  in  the  direc¬ 
tion  of  higher  frequencies  upon  weakening  of  the  electron-donor  properties  of  the  nitrogen  atom  in  the  series;  (a) 
unsubstittited  or  N-arylketocnamine,  (b)  N-acylketoenaminc,  (c)  N-diacylketocnaminc. 

From  the  structure  (J ).  the  easy  cleavage  of  (XI 1)  and  (XIII)  to  (X)  and  (XI)  respectively  may  be  under¬ 
stood  (see  [G]).  Such  a  phenomenon  v/as  also  observed  by  Davidson  and  Skovronek  [35]. 

EX  PERI  MF  NT  A  L 

Method  of  Measuring  Spectra.  The  spectra  were  measured  with  an  lKS-12  spectrophotometer  with  sodium 
chloride  prism.  The  majority  of  the  preparations  were  studied  in  suspension  in  vaseline  oil.  The  solutions  were 
prepared  in  dichlorocthane  (the  solvent  was  dried  and  distilled  twice  over  calcium  chloride);  the  concentrations 
ranged  from  0.5  x  10"^  to  1.0  x  10"^  mole.  The  thickness  of  the  solution  layer  v/as  0.5  mm.  For  proof  that  the 
concentrations  of  tlie  substances  were  low  enough  to  break  up  all  intcrmolecular  hydrogen  bonds,  solutions  were 
also  prepared  with  concentrations  several  times  lower,  and  cuvettes  v/ere  selected  with  correspondingly  greater 
thickness  of  the  layer;  under  these  conditions  tlie  position  of  the  maxima  was  unchanged,  but  the  intensity  of  the 
bands  was  reduced  rapidly.  The  solution  concentrations  proved  to  be  insufficient  in  some  cases,  but  this  was  caused 
by  the  limited  solubility  of  the  substances  in  dichlorocthane.  The  dichlorocthane  proved  to  be  the  only  suitable 
solvent  for  preparing  the  solutions  (v/ith  respect  to  solubility  of  the  imincs  and  transparency  of  the  medium  in  the 
required  frequency  zones). 

Compounds  for  Investigation.  Compounds  (I),  (VI).  and  (VIII)  -  (XIII)  were  synthesized  in  accordance  with 
[C].  Compounds  (11)  and  (IV)  were  obtained  in  accordance  v/iili  [3G].  The  remaining  compounds  were  obtained 
by  various  methods ;  (V)  and  (VI  I)  according  to  [37],  (XIV)  according  to  [38],  (XVI)  and  (XVlIl)  according  to 
[39],  (XVll)  according  to  [40].  The  2.3-diphenyliiidonc  (XV)  was  obtained  by  a  more  complex  method  (see  fur- 
tlicr). 

l-r>cnzaniido-2.3-diphf‘nyl-3-hydroxyindenc.  A  2-g  quantity  of  2-phcnyl-3-bcnzamidoindonc  [(E),  R  =  Cgllg] 
(see  also  [G])  was  dissolved  with  heating  in  70  ml  of  dry  benzene.  The  solution  v/as  cooled,  and  the  resulting 
paste  was  added  in  small  portions  to  a  solution  of  phenylmagnesiurn  iodide  (prepared  from  1  g  of  magnesium  in 
20  ml  of  absolute  etb.er  and  C  g  bromobcnzcnc  in  10  ml  of  ctlier).  A  violet  precipitate  was  termed  and  dissolved 
immediately.  The  mixture  was  refluxed  in  a  water  bath  for  b.alf  an  hour.  The  solution  was  decomposed  with 
dilute  hydrochloric  acid,  and  the  etlicr  layer  was  separated,  dried  with  sodium  sulfate,  and  slowly  evaporated. 

After  a  week  it  was  filtered  and  dried.  Yield  1.C2  g.  After  crystallization  from  benzene  tlie  substance  liad  iv/o 
melting  points;  105*  and  215-21G*, 


OOCCoIlj 

I 

Ccllr  Cll 

II 

N  CO  Cells 
(U 


3342 


Found '7->:  N  3.72.  c:2jn2,02M.  Calculated ‘/o;  N  3.47. 

The  substance  was  soluble  in  the  usual  organic  solvents.  Us  structure  was  proved  by  measuring  Infrared 
spectra.  It  had  the  following  bands:  1510,  1580  cm'*;  uc=C  1^02  cm'*  (vibrations  of  double  bonds  In 

the  benzene  ring ):  uc,=o  (amide)  1648  cm'*;  UQH 3170  cm There  were  no  bands  above  1700 
cm'*;  this  proved  that  the  Grignard  reagent  reacted  just  with  the  carbonyl  group  of  the  five-membered  ring  [(E), 

R  =  CjUs). 

2,3-Diphcnylindonc  (XV).  A  solution  of  0.15  g  of  1 -benzamido-2.3‘diphcnylhydroxyindene  in  7  ml  of  al¬ 
cohol  and  3  ml  of  concentrated  hydrochloric  acid  was  boiled  for  half  an  hour.  Bright  rod  crystals  were  separated; 
yieUI  0.00  g  (86 '7o).  M  .p.  140- 150.5*  (from  alcohol).  Literature  data;  m.p.  151-152*  (41 ).  Ammonia  was  detect¬ 
ed  in  the  filtrate  after  separation  of  the  2,3-diphcnylindone. 

2-Mcthyl -3-phcnylaminoindone  (Ill).  A  solution  of  4.6  g  of  mcthylindandlone  and  2  g  of  aniline  In  10  ml 
of  alcohol  was  boiled  for  three  hours.  After  cooling,  the  reaction  mixture  congealed  to  a  viscous  mass.  An  orange  , 
finely  crystalline  substance  was  separated  out  and  washed  with  50*70 alcohol  Yield  3.5  g;  m.p.  188-189*  (from 
glacial  acetic  acid  and  twice  from  alcohol). 

Found  N  6.27.  CigllijON.  Calculated  N  5.95. 

Bright-red  needles; soluble  in  the  usual  organic  solvents;  hydrolyzed  by  acids  to  aniline  and  mcthylindandlone. 
This  substance  has  been  described  previously  [42],  but  then  it  had  m.p,  153*.  At  present  we  have  not  been  success¬ 
ful  in  obtaining  such  a  substance. 


SUMMARY 

1.  Infrared  absorption  spectra  have  been  ob'alned  for  Imlnes  of  2-substltuted  Indandiones  and  a  number  of 
other  substances. 

2.  It  has  been  demonstrated  that  3-phenylaminoindones  in  the  solid  form  and  in  solution  have  the  ketoenamlne 
structure. 

3.  Unsubstituted  imines  in  the  solid  fortn  have  primarily  the  itninocnol  structuro;  in  dichlorocthatic  solution 
part  of  the  molecules  arc  converted  to  the  ketoenamine  form. 

4.  All  of  the  compounds  investigated  which  have  even  one  atom  of  hydrogen  on  the  nitrogen  exhibit  strong 
intermolccular  association. 

5.  For  benzoylated  imines  of  2-mcthyl-  and  2-phcnylindandione,  acylated  ketoenamine  structures  were 
demonstrated. 
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Fluorine  derivatives  of  arylchlorosilancs  have  been  little  studied.  A  few  representatives  of  this  class  of  com¬ 
pounds  have  been  described  in  the  literature.  Thus,  for  example,  trifluororncthylphcnyltrichlorosilane  and  bls" 
(trifluoromethylphcnyl)  dichlorosilane  [1-3]  were  obtained  through  organomagnesium  compounds.  Later,  p-fluoro- 
phenyltrichlorosilane  and  bis(p-fluorophenyl)dichlorosilane  have  been  obtained  [4,5].  Recently,  by  interaction  of 
fluorobennene  with  methyldichlorosilanc,  a  mixture  of  isomers  of  meihylfluorophcnyldichlorosilane  [6]  has  been 
obtained  with  18%  yield. 

In  the  present  work,  synthesis  of  certain  representatives  of  the  fluoroarylchlorosilancs  has  been  accomplished, 
and  their  reactions  with  ethanol  liave  been  studied.  Preparation  of  the  fluoroarylchlorosilancs  was  carried  out  ac¬ 
cording  to  the  following  reaction; 

FIlIlr  -H  Mg  — >  FRMgnr  '  •  C 

FUMgllr -f  H'SiClj  ->  FMSiU'Cla 
R=alkyl,  IV  =  aryl. 

p-Fluorophenyltnagnesium  bromide  and  o-  and  p-fluorobenzylmagnesium  bromides  were  obtained  by  this 
reaction. 

Experiments  showed  that  despite  the  high  yield  of  organomagnesium  compound  (95-96%),  the  yields  of  the 
products  obtained,  i.c.,  methyl -p-fluorophcnyldichlorosilanc,  methyl-p-fluorophcnylchlorosilane,  mcthyl-o- 
fluorobenzyldichlorosilane,  and  methyl-p-fluorobenzyldichlorosilane,  did  not  exceed  40-45%. 

At  the  same  time, there  wasalways  formed  a  considerable  quantity  of  di(fluoroaryl)methylchlorosilanes  and 
other  reaction  products  which  could  not  be  separated  successfully.  The  new  compounds  which  we  isolated  were 
characterized;  their  properties  are  shown  in  Table  1. 

From  the  compounds  synthesized,  mcthylfluoroarylethoxysilanes  were  obtained  according  to  the  scheme 
FnSilVCl2-l-2C2n50II  -->►  FIlSiR'(OC2H5)2-l-2IICl. 

The  rcactlonwas  carried  out  by  passing  the  reactants  through  a  tube  packed  with  glass  Raschig  rings  at  60*. 
These  conditions  minimized  the  side  reactions  which  usually  develop  during  the  esterification  of  alkyl-  and 
arylhalosilanes  as  a  result  of  the  formation  o  f  water,  hydrogen  chloride,  and  alcohol.  Thus  there  were  obtained 
mcihyl-p-fluorophenyldiethoxysilanc,  methyl -o-fluorobcnzyldiethoxysilanc.  and  mcthyl-p-fluorobenzyldierhoxy- 
s  lane  with  yields  reaching  45%.  The  properties  of  the  mcthylfluoroarylethoxysilanes  which  were  obtained  are 
shown  in  Table  2. 


EXPERIMENTAL 

Methyl -p-fluorophenyldichlorosilane.  A  48-g  quantity  of  magnesium,  200  ml  of  absolute  ether,  and  1  ml 
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TAHLE  1 


Substance 


Boiling  point 


MK 


found 


calculated 


Methyl  -p-f'uoronlicnyl- 
dicliloiosilane  (I) 
Metliyl-p-f'uorophenyl- 
chlorosilane  (11) 
Meiliyl-p-iluorobcnzyl- 
dichlorosilanc  (111) 
Methyl  -o-fluorohcnzyl  - 
dichlorosilane  (IV) 


190-198® 

1.2502 

1..5050 

49..58 

49.45 

177-178 

1.1149 

1.4960 

45.71 

45.39 

222-223 

1.238  i 

1.5050 

53.41 

53.67 

216-216.5 

1.2328 

1.503G 

53.51 

53.07 

TABLE  2 


Substance 

found 

calcu¬ 

lated 

M  e  thy  1  -p  -  fl  tr  or  ophe  ny  1  - 
dicthoxysilane  (V) 

Mcihy  1  -p  -  fluorobenzy  1  - 
dicthoxysilane  (VI) 

117-1190(32) 

120—127  (21) 

1.0240 

1.019 

1.4590 

1.4040 

00.93 

05.55 

61.25 

05.47 

of  ethyl  iodide  were  placed  in  a  tv;o-liicr  flask  fit'cd  with  a  reflux  condenser,  stirrer  with  liquid  seal,  dropping 
funnel,  and  nitrogen  supply  tube.  A  quantity  of  324  g  of  fluorobromobenzene  in  900  ml  of  absolute  ether  was  ad¬ 
ded  from  the  dropping  funnel  over  4  hours,  wiih  the  stirrer  in  operation.  After  the  addition,  the  reaction  mixture 
was  heated  for  3  hours  on  a  water  bath.  During  each  experiment  dry  purified  nitrogen  was  supplied  to  the  flask. 

A  quantity  of  500  ml  of  toluene  was  added  to  the  prepared  Grignard  reagent,  and  600-700  ml  of  the  ether  was 
boiled  off  on  a  water  bath.  Then  the  flask  v/as  closed  with  a  stopper  fitted  with  a  calcium  chloride  drying  tube 
and  cooled  rapidly  to  20”.  The  cooled  solution  was  decanted  into  a  dropping  funnel.  The  Grignard  reagent  was 
added  from  the  dropping  funnel,  over  1.5  hours  with  stirring,  to  a  solution  of  350  g  metliyltrichlorosilanc  in  500 
ml  toluene.  During  the  addition  tlie reaction  temperature  rose  to  50-60”,  but  then  decreased  gradually  to  20*. 

After  standing  for  12  hours,  the  reaction  mixture  was  stirred  for  5  hours  at  room  temperature  and  3  hours  with 
heating  on  a  steam  bath.  Then  the  unreacted  metliyltrichlorosilanc,  toluene,  and  ether  were  distilled  from  a 
flask  equipped  v/ith  a  dephlegmator ,  and  the  resulting  (1)  was  separated  by  fractionation  in  a  column  with  10- 
thcoretical-platc  efficiency.  Yield  115  g  (42.5^70 ).  B.p.  196-198”  (758  mm),  d^^®  1.2502,  n|^  1.5050,  MRj)  49.58; 
Calc.  49.45. 

By  esterification  of  (1),  mcthyl-p-fluorophenyldiethoxysilane  (V)  was  obtained.  B.p.  117-119*  (32  mm), 

104*  (15  mm),  140”  (50  mm),  d<^®  1.0240,  np^°  1.4590,  MRp  60.93;  Calc.  61.25. 

Found  C  57.96,  58.07;  H  7.38,  7.43;  F  8.12,  8.10;  CzHjO  38.93.  ChHiASiF.  Calculated  "/o;  C  57.88; 

H  7.50;  F  8.32;  CzIljO  39.21. 

Methyl -p-fluorophcnylchlorosi lane  (II)  was  synthesized  similarly  to  (I)  from  mcthyldichlorosilanc  and  p- 
fluorobromobcnzenc,  and  had  the  following  constants;  b.p.  177-178”  (755  mm),  d^^**  1.1149,  n^^®  1.4960,  MRp 
45.71;  Calc.  45.39. 

Found  C  47.68;  II  4.8;  Si  17.18;  Cl  20.9.  CvUgSiFCl.  Calculated  C  48.14;  11  4.62;  Si  16.03;  Cl  20.32. 

Methyl -p-fluorohenzyldichlorosilanc  (111).  In  a  liter  four-necked  flask  (fitted  with  reflux  condenser,  drop¬ 
ping  funnel,  stirrer  with  liquid  seal,  and  tlicrmometer)  7.9  g  of  magnesium  and  100  ml  of  absolute  ether  were  heat¬ 
ed  on  a  v/ater  bath;  a  solution  of  58  g of p-fluorohenzyl bromide  in  200  tnl  of  ether  was  added  from  tlie  dropping 
funnel.  V/hen  the  Grignard  reaction  had  started,  heating  was  discontinued  and  the  reaction  rate  was  controlled  by 
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the  rntc  of  iiif rodiiction  of  the  p-fluorobenzyl  bromide  solution.  After  adding  all  the  fluorobenzyl  bromide,  the 
reaction  mixture  vas  hcatetl  on  a  water  bath  for  2  hours,  then  cooled  to  room  temperature  and  transferred  by 
siphoning  into  a  flask  containing  100  g  of  methyltrlchlorosllanc;  the  Grignard  reagent  was  added  .vlih  cooling  so 
that  tlie  temperature  did  not  exceed  15*.  After  adding  all  the  Grignard  reagent  the  temperature  was  Increased  to 
20*,  and  the  contents  of  the  flask  were  stirred  for  I  hour  and  allowed  to  stand  for  14  hours.  Then  the  reaction  mix¬ 
ture  was  heated  on  a  water  bath  tor  3  hours,  cooled  to  room  temperature,  and  decanted  Into  a  flask  for  distillation. 
The  ether  and  the  unrcactcd  methylirichlorosilanc  were  distilled  from  the  flask  with  a  dcphlegmator,  and  the 
resulting  substance  (III)  was  separated  by  fractionation  in  a  column.  Yield  35.5  g  (52'5’o).  B.p.  222-223*  (758  mm), 
d^Jo  1.2381,  np«  1.5050,  MRg)  53,41;  Calc.  53.67. 

Found  C  42.85;  M  4.27;  F  8.55.  CsUgSiFClj.  Calculated  C  43.05;  H  4.03;  F  8.52. 

F.steriflcatIon  of  (III)  gave  (VI):  b.p.  126-127*  (21  mm),  d^”  1.0198,  n^”  1.4640,  MRp  65.55;  Calc. 

65.47. 

Found  C  58.9.  59.5;  H  7.94,  8.27;  F  7.42.  7.77.  CijHijOzSiF.  Calculated  <7o:  C  59.47;  H  7.90;  F  7.84; 
CzHjO  37.13. 

Methvl-o-fluorobcnzyldichlorosilane  (IV)  was  obtained  by  the  same  method  as  that  used  for  (III).  Yield 
64.1  g’(’r6.4‘’^).  B.p.  216-216.5*  (753  mm),  d^”^®  1.2328;  tip  \  .5036;  MRp  53.54;  Calc.,  53.67. 

Found  <70;  C  43.93;  II  4.37;  F  8.54.  CgllgSiFClj.  Calculated  C  43.05;  H  4.03,  F  8.52. 

Esterification  of  methyl-p-fluorophenylchlorosilane  (II)  gave  a  substance  (V)  containing  38.967o  C2lfjO,  with 
the  following  constants;  b.p.  117-119*  (32  mm),  d^*®  1.0240,  1.4590. 

SUMMARY 

New  compounds  have  been  synthesized;  methyl-p-fluorophcnyldichlorosilane.  methyl-p-fluorophcnylchloro- 
silane,  methyl-p-fluorobenzyldichlorosilane,  and  mcthyl-o-fluorobenzyldichlorosilane.  The  reaction  of  their  con¬ 
version  to  ethoxy  derivatives  has  been  studied. 
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The  present  work  is  aimed  at  preparation  and  study  of  dibenzyl  liydropcroxidc ,  v/hich  lias  not  been  described 
in  the  literature.  In  particular,  it  was  proposed  to  develop  a  technical  method  of  preparing  stilbene  through  diben¬ 
zyl  hydroperoxide;  prcsoutly  known  methods  of  obtaining  stilbene  [1-4]  are  suitable  only  as  laboratory  preparations 

It  was  proposed  to  obtain  dibenzyl  hydroperoxide  by  autooxidation  of  dibenzyl  with  molecular  oxygen  in  the 
prescnceof manganescrcsinaie,  which  has  been  applied  successfully  as  an  initiator  in  the  processes  of  oxidizing 
ethylbenzene  and  isopropylbenzene  [G].  However,  oxidation  experiments  with  even  the  very  minimum  quantities 
of mangnuese  rcsinate  showed  tliat  cleavage  of  the  dibenzyrmolccule  occurred,  with  the  formation  of  single-ring 
products  (benzoic  acid,  bcuzaldchydc ,  and  benzyl  alcohol).  Nevertheless,  both  the  accumulated  experience  in 
the  literature  on  the  auiooxidation  of  hydrocarbons  and  theoretical  xplanations  of  the  meclianism  of  oxidation 
processes  [5]  convinced  us  that  all  the  single-ring  products  detected  upon  oxidation  of  dibenzyl  in  the  presence 
of  manganese  rcsinate  arc  only  products  of  decomposition  of  the  initially  formed  dibenzyl  hydroperoxide.  We 
attempted  to  introduce  small  quantities  (a  few  drops)  of  cumene  hydroperoxide  as  an  initiator  of  the  oxidation 
reaction.  The  experiment  showed  that  with  such  a  method  of  oxidation  it  is  possible  to  accumulate  up  to  25-26*70 
dibenzyl  hydroperoxide  in  the  reaction  mixture. 

From  the  oxidized  reaction  mixture  after  preliminary  extraction  of  benzoic  acid  through  the  sotlium  salt, 
dibenzyl  hydroperoxide  was  separated  and  identified.  After  rccrystallization  from  petroleum  ether  the  hydroper¬ 
oxide  appeared  in  the  form  of  colorless  crystals  with  m.p.  52-53’.  The  substance  b  adequately  stable  under  nor¬ 
mal  conditions  and  docs  not  detonate  with  shock,  introductions  into  a  flame,  etc.  Upon  heating  much  above  the 
melting  point  it  begins  to  decompose  with  evolution  of  dense  fumes  with  a  phenol  odor.  With  acidic  solutions 
of  potassium  iodide  in  glacial  acetic  acid  it  reacts  quantitatively  according  to  the  equation 


Ccn5CIlCH2CcH5  +  2IIl  ->  CcllsCIICIIaCclIs-fh-l-njO. 

•  0011  011 

The  indicated  reaction  can  be  utilized  for  quantitative  determination  of  the  hydroperoxide.  Upon  careful 
reduction  in  benzene  solution  by  sodium  bisulfite  the  hydroperoxide  is  converted  to  phenyl  benzyl  carbinol. 

C0H5CIICII2CCH5  +  NallSOa  — >  CoHsCIICIliColls-i-NallSO* 

I  I 

0011  011 

The  decomposition  of  dibenzyl  hydroperoxide  at  25-40’  in  benzene  solution  by  means  of  concentrated  sul¬ 
furic  acid  leads  mainly  to  the  formation  of  phenol  and  phcnylacetaldchyde. 


ColloCllCllaCclb 

I 

0011 


CcHsOII  11— C-CIlzCoHs 


At  the  same  time,  trans-stilbcnc  is  formed  (as  a  result  of  dehydration  of  phenyl  benzyl  carbinol). 
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EXPERIMENTAL 


The  dibcnzyl  had  b.p.  M8-150"  (15  min);  after  solidlficaiion.  rn.p.  50-52*. 

A  u  t  o  o  X  t  d  a  t  i  o  n  of  D  i  b  e  n  z  y  1  in  the  Presence  of  M  a  n  p,  a  ii  e  s  e  Resina  tc 

Into  a  four-necked  cylindrical  glass  reactor,  equipped  with  a  mechanical  stirrer,  there  was  introduced  60  g 
of  dibcnzyl  and  O.G  or  0.07  g  (first  and  second  exporiments,  respectively)  of  manganese  resinatc.  The  reactor 
contents  were  heated  to  110*.  after  which  mechanical  agitation  was  started  and  air  was  fed  in  by  means  of  a  bub¬ 
bler  (drawn-out  glass  tube  reaching  to  tin!  bottom  of  the  reactor).  The  air  bubbling  rate  was  held  at  about  4  liters/ 
hr.  The  oxygen  absorbed  from  the  air  was  checked  by  means  of  two  flowmeters  (at  inlet  and  outlet).  Samples  of 
the  reaction  mixture  were  withilrawn  periodically  and  at  tlie  end  of  the  experiment  for  iodomeiric  determination 
of  hydroperoxide  content.  At  the  end  of  the  experiment  the  cooled  reaction  mixture  was  dissolved  in  an  equal 
weight  of  benzene,  and  after  establishing  the  absence  of  hydroperoxide  it  was  subjected  to  further  treatment  for 
separation  of  the  reaction  products. 

Pen  zoic  acid  was  separated  by  treating  the  benzene  solution  with  a  lO^^o  sodium  carbonate  solution  and  sub¬ 
sequently  .'.c'  ’  ^  g  the  sodium  carbonate  extract  with  hydrochloric  acid.  The  benzoic  acid  (which  came  out  In 
the  ••  '  ;  .<.-.cr  washing  and  recrystallizing  from  hot  v/ater  melted  at  120*,  and  upon  mixing  with  a  known 

sample  of  benzoic  acid  did  not  give  any  melting-point  depression. 

Bcnzaldehyde  was  separated  by  the  usual  method  in  the  form  of  bisulfite  compounds  with  subsequent  decom¬ 
position  by  sodium  carbonate.  An  oil  with  a  bitter  almond  odor  distilled  in  the  form  of  a  colorless  liquid  at  177- 
180*.  The  semicarbazone  melted  at  212’  (without  rccrystallization). 

Benzyl  alcohol  was  separated  (after  removal  of  benzaldchyde  and  benzene)  by  fractionating  the  residue. 

An  oily  liquid  with  an  aromatic  odor  was  obtained,  distilling  at  200-207*.  Literature  data  for  benzylalcohol : 
b.p.  205.5*.  The  results  of  the  experiments  are  shown  in  Table  1. 


TABLE  1 


Products  obtained  (g)  i 

Separated  from  reaction  mixture  (g) 

in  reactor 

in  trap 

1 

total  1 

benzoic 

acid 

bcnzal- 
1  dehyde 

benzyl 

alcohol 

dibenzyl 

62.3 

1.3 

63.G 

12.5 

1.8 

2.1 

24.3 

62.1 

0.7 

62.8 

7.55 

O.l  , 

35.1 

Oxidation  of  Dibc  n  z  y  1  in  the  Absence  of  Metallic  Initiator 

The  conditions  of  the  experiments  were  the  same  as  in  the  preceding  section.  The  "primer*  of  cumene 
hydroperoxide  (a  few  drops)  was  introduced  into  the  reactor  before  starting  the  air  flow.  The  reaction  mixture 
was  analyzed  for  content  of  dibenzyl  hydroperoxide  (iodometrically)  and  of  benzoic  acid.  Results  of  the  experi¬ 
ments  arc  shown  in  Table  2. 

Upon  dilution  of  the  reaction  mixture  with  benzene,  first  the  benzoic  acid  was  extracted.  Then  the  benzene 
solution  of  the  oxidized  mixture  was  cooled  to  0’  and  the  dibcnzyl  hydroperoxide  occurring  in  it  was  extracted  by 
a  25‘yo  sodium  hydroxide  solution  in  the  form  of  the  hydrated  sodium  salt  C(;H5^H(OOMa)CH2C6H5  *  x  ll^O,  sim¬ 
ilarly  to  the  hexahydrate  of  the  sodium  salt  of  cumene  hydroperoxide  [6].  .After  vacuum  filtration  in  a  Schott 
filter,  washing  gently  with  benzene,  and  air  drying,  the  salt  of  the  hydroperoxide  was  dissolved  in  water,  and  the 
solution  was  saturated  with  excess  carbon  dioxide;  thereupon  the  solution  became  completely  transparent,  and  In 
a  day  a  crystalline  mass  of  the  free  dibcnzyl  hydroperoxide  was  precipitated.  After  washing  the  precipitated 
hydroperoxide  with  water  and  recrystalliziug  from  petroleum  ether,  it  appeared  in  the  form  of  snow-white  prisms, 
melting  at  52-23*;  a  mixed  sample  witli  dibcnzyl  gave  a  sharp  melting-point  depression.  The  crystals  were 
readily  soluble  in  ether,  benzene,  or  glacial  acetic  acid,  insoluble  in  water,  and  difficultly  soluble  in  cold  petro¬ 
leum  ether.  Upon  addition  of  a  drop  of  concentrated  sulfuric  acid  to  a  small  quantity  of  the  hydroperoxide  in  a 
test  tube,  immediate  ignition  and  a  white  cloud  with  phenol  odor  were  observed. 
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Dibenzyl 
charged  (g) 

lx?ngth  of 
cxjicrjmcnt 
(lit) 

Oxygen 

absorbed 

(liters) 

Reaction  mix¬ 
ture  obtained 

(R) 

Content  in  react  i 

dibenzyl  hydro 
peroxide 

on  mixture  (%) 

benzoic 

acid 

90 

33 

9.6 

91.5 

22.20 

1.03 

90 

35 

10.0 

92.4 

20.00 

1.03 

120 

27 

7.5 

115.0 

20.00 

0.64 

120 

28.5 

10.0 

118.0 

20.00 

0.47 

129 

34 

7.0 

1 28.5 

23.80 

0.42 

120 

31 

8.0 

120.5 

21.31 

1.27 

152 

40 

10.0 

153.0 

22.20 

0.54 

Found  C  78.23;  H  7.07;  active  oxygen  7.29,  7.03.  C14U14O2.  Calculated  ‘’/o;  C  78.46;  11  G.60;  active 
oxygen  7.47. 

These  data  permit  the  assertion  that  the.  substance  which  we  have  isolated  is  the  monohydroperoxidc  of 
dibenzyl,  which  is  still  undcscribcd  in  the  literature. 

Actio  n  of  Concentrated  Sulfuric  Acid  on  Diben  z  y  1  Hydroperoxide 

Concentrated  sulfuric  acid  (2  drops  per  gram  of  hydroperoxide)  was  added  cautiously  dropwise  to  a  benzene 
solution  of  the  hydroperoxide,  with  vigorous  mechanical  agitation  and  cooling.  Upon  completion  of  the  sulfuric 
acid  addition,  the  mixture  was  warmed  to  40*  with  the  stirrer  operating,  until  disappearance  of  tiie  hyxiroperoxide 
reaction.  After  neutralizing  the  mixture  v.’iih  powdered  potassium  carbonate,  the  phenol  which  was  formed  was 
extracted  by  the  usual  method,  by  means  of  sodium  hydroxide,  subsequent  acidification  with  hydrochloric  acid, 

?nd  e.xtraction  of  the  plicnol  by  ether.  The  recovered  phenol  distilled  at  70-80*  (3  trim)  and  immediately  solidi¬ 
fied  in  colorless  crystals  with  the  characteristic  phenol  odor.  The  benzoate  melted  at  G7-C8*.  The  yield  of  phen¬ 
ol  was  38'/':>.  Ph e n y  1  a f : r t a  1  d e h vd e  was  extracted  from  the  mixture  (after  removing  tlic  phenol  and  distilling  off  the 
benzene)  by  vacuum  distillation  of  the  residue  at  70-90*  (3  mm),  in  the  form  of  a  colorless  oil  with  hyacintli  odor. 
The  semicarbazonc  melted  at  150*.  Furtlicr  distillation  of  the  residue  within  the  limits  of  160-170*  (3  min)  gave 
a  substance  which  crystallized  immediately  in  the  form  of  colorless  crystals  melting  at  118*;  upon  mixing  with  a 
known  sample  of  stilbene,  no  melting-point  depression  was  observed. 

Reduction  of  Dibenzyl  Hydroperoxide  by  Sodium  Bisulfite  Solution 

To  a  solution  of  dibenzyl  hydroperoxide  in  5  parts  of  benzene,  stirred  vigorously  and  cooled  (within  litnits 
of  15-23*),  there  was  added  gradually  a  40%  aqueous  solution  of  sodium  bisulfite  (150%  of  the  theoretical  quanti¬ 
ty).  Stirring  was  continued  until  disappearance  of  the  hydroperoxide  reaction.  The  aqueous  and  benzene  layers 
were  isolated  from  the  precipitated  sediment  of  bisulfite  and  then  were  separated  in  a  separatory  funnel.  Unex¬ 
pectedly,  tlic  principal  reaction  product  proved  to  be  in  the  aqueous  layer,  from  which  it  was  recovered  by  acidi¬ 
fication  with  hydrochlopc  acid  and  subsequent  extraction  by  ether.  Upon  removal  of  the  ether,  the  residue  crystal 
lized.  After  rccrystallizatipn  from  dilute  methanol  the  substance  appeared  in  the  form  of  delicate  colorless  need- 
lets  with  m.p.  64-65",  which  agrees  with  the  literature  data  for  phenyl  benzyl  carbinol.  Then  frotn  the  benzene 
solution,  upon  removal  of  tlie  benzene,  a  fraction  was  collected  distilling  up  to  146*  (2  mtn),  which  immediately 
crystallized  in  the  receiver  and  after  rccrystallizaiion  from  eihanol  appeared  in  tlie  form  of  colorless  brilliant 
needlcts  which  melted  at  118”  and  did  not  give  any  iiiel ting-point  depression  in  a  mixed  sample  with  known  stil- 
bene.  The  formation  of  stilbene  evidently  takes  place  eitlicr  in  the  process  of  reduction  itself,  or  is  accomplished 
by  dehydration  of  that  part  of  the  phenyl  benzyl  carbinol  which  remains  dissolved  in  the  benzene  layer,  in  the 
course  of  the  vacuum  distillation. 

SUMMARY 

1.  The  oxidation  of  dibenzyl  by  atmospheric  oxygen  in  tlic  presence  of  manganese  rcsinatc  proceeds  with 
cleavage  of  the  dibenzyl  molecule;  thereby  there  arc  formed  benzyl  alcohol,  benzaldehydc,  and  benzoic  acid. 

2.  Oxidation  of  dibenzyl  in  the  absence  of  metallic  impurities,  oxides,  or  salts  of  heavy  metals  leads  to 
the  formation  of  dibenzyl  hydroperoxide. 
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3.  Under  the  notion  of  sulfuric  acid,  dlbcnzyl  hydroperoxide  Is  decomposed  to  phenol  and  phenylacctaldc- 

hyde. 

4.  Dibenzyl  Itydropcroxldc  Is  reduced  by  sodium  bisulfite  to  phenyl  benzyl  carbinol;  stilbene  may  bo  ob¬ 
tained  by  deliydratlon  of  the  latter. 
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Betaines  of  the  benzene  series  whlcli  arc  formed  by  splitting  a  proton  from  an  NH-  group  arc  subject  tore 
arrangement  upon  melting;  in  such  rearrangement  a  methyl  group  is  split  from  ihconium  atom  in  the  form  of  a 
cation  and  is  added  to  the  azeniate  N-atom  [1,  2], 


We  found  that  similarly  formed  bipolar  ions  of  the  stilbcnc  series  (I)  also  can  undergo  this  type  of  rearrange¬ 
ment  [3].  Although  ilie  cationic  and  anionic*  centers  in  the  molecule  of  these  betaines  are  much  farther  apart 
than  in  tlie  benzene  derivatives  studied  previously,  in  the  given  ease  the  rearrangement  also  proceeds  very  readily 
with  the  formation  of  (II).  This  observation  makes  it  possible  to  assume  that  tlic  given  reaction  is  an  intermole- 
cular  conversion. 


H— N- 


\= 


^-(:ii=cii-<^ 

(I) 


■N(CH3)3 


I  Nr 


'^-ClI.=CH-(^  __)>-N(Gn3)2 


CMa  (II) 

(a)  ii=m-o,NC,iMCO:  J))  ii  =  p-o,NC,ii.co:  fc)  r=  p-o,NC,ibSO,. 


The  betaine  (la)  undergoes  rearrangement  upon  melting  (190*).  In  the  case  of  the  high-melting  betaines 
(1!))  and  (Ic)  it  is  more  expedient  to  conduct  the  process  in  naphthalene  medium  :  The  reaction  occurs  at  a  lower 
temperature  and  v/ith  considerably  liigher  yields. 

The  rearrangement  product  is  also  formed  upon  melting  the  betaine  (Ic)  in  6  -naphthol  medium;  under 
these  conditions  the  betaine  (lb)  reacts  witli  the  5 -naphthol,  converting  it  to  nerolin  [methyl  p -naphthyl  ether]. 
The  influence  of  the  nature  of  the  acyl  radical  upon  the  direction  of  the  reaction  occurring  in  the  presence  of 
6 -naphthol  was  examined  earlier  in  a  study  of  the  conversions  of  betaines  of  the  sulfonium  scries  [2]. 

Tlie  structure  of  the  rearrangement  products  which  were  obtained  was  proved  by  means  of  the  following 
conversions.  Upon  methylation  of  4-p-nitrobcnzcncsulfamino-'l'-dimcthylaminostilbcnc  by  means  of  dimctliyl 
sulfate,  a  compound  was  formed  which  was  identical  with  (He).  That  same  substance  was  obtained  upon  inter¬ 
action  of  p-nitrobcnzencsulfonyl  chloride  with  the  diamine  fortned  upon  hydrolysis  of  (lib);  hence,  this  diamine 
Is  4-mc.tliylamino-‘r-ditncihylaminostilbcnc,  and  the  compound  (Ilb)  is  its  p-nitrobcnzoyl  derivative. 

Upon  melting  the  betaines  (la)  or  (Ic)  with  tlie  methyl  ester  of  an  arylsulfonic  acid,  a  reaction  occurred 
which  is  analogous  to  the  conversions  described  previously  for  ccrtaiti  betaines  of  the.  quinoline  [4]  and  pyridino- 
glyoxalinc  series  [5],  also  leading  to  the  formation  of  quaternary  salts  (III).  Those  same  compounds  were  obtain 
cd  starting  from  the  rearrangement  products  of  tlie  betaines,  which  serves  as  proof  of  their  structure. 

"^T)v7nig  to  the  redistribution  of  electron  density  caused  by  the  influence  of  electron -acceptor  groups,  the  azeniate 
N-atom  carries  only  a  part  of  the  anionic  cliargc. 
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I 

^_Cir=r.ri-<^  ^-N(CIF3).iArS0., 

Clh  (Iti) 

(a)  R  =m-f'iN'C.H.CO;  rt))  H -p-O.NC.II.SO,. 

The  betaines  containing  the  niirohenzoic  aci'J  radical  evidently  have  tlie  greater  part  of  the  anionic  charge 
located  on  the  oxygen  atom  of  the  acyl  group;  in  this  case  botlt  rearrangement  and  alkylation  of  the  betaines  take 
place  with  migration  of  the  reaction  center. 


EXPERIMENTAL 

4-(N -Methyl  -m -nitrobcnzoylamino)-4'-dimcihy1aminostilhene  (lla)^*  A  test  tube  containing  0.55  g  of 
the  tnethylbetaine  of  4-tn-nitrobenzoylamino-4’-dimctl)ylatTunostiIbcne  (la)  was  placed  in  an  oil  bath  at  180*, 
and  the  temperature  was  increased  slowly.  The  melt  which  was  formed  was  heated  at  190*  for  5  minutes  and 
then  cooled.  The  rearrangement  product  formed  light  brown  plates  with  m.  p.  167-168*  (from  aqueous  pyridine), 
difficultly  soluble  in  alcohol  or  benzene.  Yield  0.45  g  (817p). 

Found  <70;  C  71.78,  71.78;  H  5.67,  6.03;  N  10.30,  10.52.  Cz^MjjOjNj.  Calculated  <7o;  C  71.79;  H  5.77; 

N  10.47. 

Methylbcnzcnc<ulfcnate  of  4-(N-mcth)T-m-nitrobcnzoylamino)-4'-dimethylaminostilbene  (Ilia).  The 
compound  was  formed  upon  melting  the  tnethylbetaine  of  4-m-nitrobcnzoylamino-4'-dimcthylaminostilbene  or 
the  product  of  its  rearrangement  (lla)  with  a  slight  excess  of  the  methyl  ester  of  benzenesulfonic  acid  at  60-70*. 
Pale  yellow  plates  (from  water  with  m.  p.  235-236’  (decomp.). 

Found  Vc  N  7.31,  7.11.  CjiUjiOgNjS.  Calculated  N  7.32. 

4--(N' -Methyl  -p-nitrohenzoylamino)-4*-dimcthylaminostilbcne  (lib).  A  mixture  of  0.4  g  of  the  methyl- 
betaine  of  4-p-uitrobeuzoylamino-4'-dimethylatninosrilbene  (Ib)  and  0.4  g  of  naphthalene  was  heated  in  an  oil 
bath.  At  185*  a  transparent  melt  was  formed.  After  5  minutes  it  was  cooled  and  triturated  with  ether.  The 
residue  was  filtered  off  and  washed  with  ether.  Dark  brown  needles  (from  toluene)  with  m.  p.  235-236*,  difficult¬ 
ly  soluble  in  alcohol  or  benzene.  Yield  0.35  g  (87'7p).  In  the  absence  of  naphthalene  the  rearrangement  took 
place  upon  melting  the  betaine  (m.  p.  216-218*),  ac  ompanied  by  tar  formation  (product  yield  35%). 

Fottnd  ‘7<:  N.  10.58,  10.74.  C^nasOaNj.  Calculated  N  10.47. 

Interaction  of  ntethylbetaine  of  4-p-nitrobenzoylamino-4 '-dimcthylaminostilbene  with  8-naphthol. 

A  ntixture  of  0.4  g  of  the  betaine  and  0.2  g  of  fl-naphitiol  was  heated  in  an  oil  bath  at  160*.  The  red  viscous 
mass  which  was  formed  was  held  at  160*  for  5  tnitiutes,  cooled,  and  triturated  with  ether.  The  residue  was  fil¬ 
tered  off  and  crystallized  from  aqueous  pyridine.  Red  crystals,  m.  p.  285-286*,  representing  4-p-tiitrobcn2nyl- 
amino-4'-dimcthylatninostilbene.  Yield  0.36  g  (027p).  From  the  ether  solution ,  the  methyl  ether  of  B^naph- 
thol  was  recovered  with  a  yield  of  0.13  g  (51%). 

4 -Methyl amino -4 ’-dimethylaminostilbene.  A  solution  of  1.6  g  of  4-(N-methyl -p-nitrobenzoylamino)-4*- 
dimcthylaminostilbene  in  50  ml  of  hydrochloric  acid  (1  ;  1)  was  heated  in  a  water  bath  for  2  hours  and  then  boiled 
gently  for  I  hour.  The  precipitate  of  p-nitrobcnzoic  acid  which  formed  upon  cooling  (0.4  g)  was  filtered  off. 

The  filtrate  was  made  alkaline,  the  amine  was  extracted  by  ether,  and  the  ether  was  distilled  off.  Needle-like 
crystals  (from  propanol);  rn.  p.  175-177*;  soluble  in  benzene  or  ether,  difficultly  soluble  (with  heating)  in  al¬ 
cohol.  Yield  0.92  g  (9l7o). 

Found  7o;  N  10.93.  10.94.  Ci7H2oN2.  Calculated  7’:  N  11.10. 

4-(N-Mcthyl  -p-nitrobenzenesulfamino)-4'-dimethylaminostiIbene  (lie),  a)  The  compound  was  formed 
upon  rearrangement  of  tlic  methylbctaine  of  4-p-iutrobenzcnesulfamino-4 '-dimethylaminostilbene  (Ic).  The 
reaction  was  carried  out  in  naphthalene  medium  at  170*.  Dark  red  needles  (from  xylene)  with  m.  p.  217-218*; 
readily  soluble  in  pyridine,  difficultly  soluble  in  benzene  or  alcohol .  Yield  907\  In  the  absence  of  naphtlialcne 
the  reaction  took  place  at  220*  with  5\%  yield. 

Found  7:  N  9.71,  9.61,  CjjIIzjO^NjS.  Calculated  7o.  N  9.60. 

*  Taking  into  account  the  conditions  under  which  tlic  stilbcnc  derivatives  were  obtained  (described  previously 
[oj  and  in  the  present  communication),  it  may  be  assumed  that  these  compounds  arc  trans-forms. 
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The  rcarrniij;cniciit  also  took  place  upon  ineliliig  the  betaine  in  fi-naphthol  medium  at  150*.  Yield  95''7o, 
Alkylation  jformation  of  the  ether]  of  the  6*ii<Tphthol  was  not  observed. 

b)  The  sodium  derivative  of  4-p-nitrobcnzcncsu!famino-4 '-dimethylaminostllbcnc  was  heated  in  alcohol 
medium,  a  slip.ht  excess  of  dimethyl  sulfate  was  introduced,  and  the  mixture  was  boiled  for  45  minutes.  Upon 
coolinp.  a  precipitate  formed.  Dark  red  needles  (from  xylene)  wiih  m.p.  f^n-218*. 

c)  The  compound  was  also  formed  upon  heating  (05*,  2  hours)  4-methylainino-4 '-dimcihylamlnostllbenc 
(0.30  g)  with  p-nitrobcnzencsulfonyl  chloride  (0.2G  g).  Yield  0.41  g  (707‘').  M.  p.  217-218*. 

Mixed  melting  point  tests  showed  tliat  the  products  obtained  In  (a),  (h),  and  (c)  were  identical. 

Mcthyl-p-tolucncsulfonate  of  4-( N-mcthyl-p-nltrobcnzcncsulfamino)-4-dimcthylaminostilbcne  (11b). 
The  meihylbetainc  of  4-p-nitrobcnzencsulfamino-4'-dlmethylaminostilbenc  or  the  product  of  its  rearrangement 
was  melted  with  a  sliglrt  excess  of  the  methyl  ester  of  p-toluencsulfonic  acid  at  120*.  Yellow  plates  (from  al- 
cohol-cthcr  mixture)  v/ith  m.  p.  268-269*  (decomp.). 

Found  *70;  N  6.71,  6,63.  C13HJ3O7N 3S2.  Calculated  N  6.74. 

SUMMARY 

1,  Betaines  of  the  stilbene  series  which  arc  formed  by  splitting  a  proton  from  an  Nil-  group  undergo  re¬ 
arrangement  upon  melting,  ending  in  the  shift  of  a  methyl  group  from  the  onium  atom  to  the  azeniate  N-atom. 
The  reaction  proceeds  smoothly  in  najihilialenc  medium, 

2.  Betaines  of  this  series  combine  with  the  methyl  ester  of  an  arylsulfonic  acid,  forming  quaternary  salts. 
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The  literature  describes  N^-derivatives  of  sulfanilamide  and  phosphoric  acid  of  the  type  p-RR*NS02CgH4» 
NHP(XNIvR’  ),  t  htained  by  T.  Bieber  and  B.  Kane  [1],  and  N*  derivatives  of  the  type  p-(R0)2F0NHS02CgH4NH2, 
which  wc  obtained  recently  [2], 

Azo  dyes  on  the  basis  of  dimethyl  esters  of  aminophenylsulfonaniidophosphoric  acids  are  also  N*-derlvatlves 
of  sulfanilamides  and  phosphoric  acid,  and  therefore  are  of  interest  as  possible  physiologically  active  substances, 
Azo  dyes  of  this  type  were  obtained  successfully  by  diazotization  of  the  dimethyl  esters  of  aminophenylsulfon- 
atnidophosphoric  acids  [2]  and  coupling  the  resulting  diazonium  salts  with  phenol,  fl-naphthol,  or  dimethyl- 
aniline. 

(CIInO)2rONHSOaCcH4NHo  --^p>  (Cll30)2PONHS02Coll4N2r,l 
— >  (Cll30)2l’0NII302CeII,N^NCall4N(Cii3)2-p 

Diazotization  of  the  dimethyl  esters  of  aminophcnylsulfonamidophosphoric  acids  was  carried  out  in  aqueous 
hydrochloric  acid  solutions  under  the  usual  conditions.  Coupling  with  phenol  or  0-naphthol  was  carried  out  in 
alkaline  medium  (for  coupling  with  dimcthylaniline.in  acidic  medium),  also  under  the  usual  conditions. 

The  dimethyl  esters  of  p-iiydroxybenzeneazo-o* ,  m-,  and  p-benzencsulfonamidophosphoric  acids  (I)  and 
the  dimethyl  esters  of  8-naphthoIazo-o-,  m-,  and  p-benzenesulfonamidophosphoric  acids  (II)  arc  crystalline 
substances,  readily  soluble  in  hot  water  and  difficultly  soluble  in  cold  v/ater,  with  weakly  acidic  character  (see 
table).  With  aqueous  sodium  carbonate  or  sodium  hydroxide  solutions  the  esters  (I)  give  sodium  salts  which  arc 
readily  soluble  in  water,  but  the  esters  (II)  give  difficultly-soluble salts.  The  esters  (I)  are  yellow  in  color,  and 
the  esters  (II)  are  orange.  The  esters  (I)  and  (II)  dissolve  in  concentrated  hydrochloric  or  sulfuric  acid  with  a 
deepening  of  color. 

The  dimethyl  esters  of  p-dimethylaminobenzr  ueazo-o-,  m-,  and  p-benzencsulfonamidophosphoric  acids 
(III)  are  crystalline  substances  with  red  color,  readily  soluble  in  hot  water  and  difficultly  soluble  in  cold  water, 
with  acidic  character  (see  table).  With  aqueous  sodium  carbonate  or  sodium  hydroxide  solutions  they  give  orange- 
colored  crystalline  sodium  salts  which  are  difficultly  soluble  in  water.  The  esters  dissolve  in  concentrated  hydro¬ 
chloric  or  sulfuric  acid  with  a  deepening  of  color. 

The  dimetliyl  ester  of  p-dimethylamii.obcnzcncazo-p-beiizencsulfonamidophosphoric  acid  was  also  ob¬ 
tained  from  p-ditiiethylaminobcnzeneazo-p  bcnzcncsulfonamide  through  the  corresponding  trichlorophosphazo 
compound. 

p-(Cll3)2NCcH4N-=NColl«S02Nll2-p-f  I’Clj 

p-(cn3)2Nr3H4N=NCoii4SO..N=pci3 
MCI  -f-  CII3CI  I-  p-(Cll3)2NC6!l4N=NColl4S02NHPO(OCll3),-p 
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Azo  Dyes  of  the  Type  ArN=  NC5H4S02NHP0(0CH3)2 


3356 


substr^nccs:  w.itcr  +. 

•  •  "Index  of  titration  pH  4. 

*  •  •  "Yield  8G70  from  p-dimethylaminobenzeneazo-p-benzenesulfonamide. 


The  synthesis  is  of  interest,  since  it  is  the  first  case  of  application  of  the  pliospliazo  reaction  for  a  relative¬ 
ly  complex  molecule  containiti);  a  ilimcthylamino  and  an  a/,o  ^ronp;  tliis  broadens  the  limits  of  application  of 
tlie  phosphazo  reaction.  Samples  of  the  esters  olttaincd  by  the  two  different  schemes  described  above  have  i- 
dentical  absorption  maxima  (-1:12  m/])  and  identical  meltiny  points  ('),  and  do  not  show  any  melting- 

point  depression  on  a  mixed  sample*  this  proves  that  they  ate  identical. 

All  of  the  azo  dyes  which  were  obtained  are  acid -base  indicators.  The  esters  (III)  have  an  especially  sharp 
color  change.  Therefore  for  these  esters  the  interval  of  color  cliange  was  determined,  using  a  volume  method 
(see  table);  this  interval  proved  to  be  very  close  to  the  color  change  interval  of  methyl  orange,  and  the  index  of 
titration  proved  to  be  identical  with  that  ol  methyl  orange  (pi I  -1).  Ihc  color  change  at  the  transition  point  is 
considerably  more  distinct  titan  for  methyl  orange;  therefore  titration  is  accomplished  easily  and  accurately  with 
these  new  indicators,  independent  of  the  experimenter's  color  vision  acuity. 

Therefore,  the  esters  (HI)  can  be  recommended  as  more  nearly  ideal  indicators,  for  the  replacement  of 
methyl  orange.  The  most  suitable  for  this  purpose  is  the  dimethyl  ester  of  p-dimctliylaminobcnzcncazo-p-benzene- 
sulfonamidophosphoric  acid,  wliich  is  readily  obtained  from  p-dimethylarninobcnzcneazo-p-benzenesulfonamlde, 
phosphorus  pentachloride,  and  methanol, 

EXPERIMENTAL 

Dimethyl  Esters  of  p-Hydroxybcnzencazo-  and  0 -Naphtholazobenzcnesulfonamidophosphoric  Acids  (see 
tabic).  0.005  mole  quantity  of  the  dimethyl  ester  of  the  aminop'nciiylsuUonatnidophosphroric  acid  dissolved 
in  5  ml  of  5  N  hydrochloric  acid  was  diazotized,  slowly  adding  1  ml  of  5  N  sodium  nitrite  solution  with  ice  water 
cooling  of  the  reaction  mixture.  Completion  of  tlie  diazotization  was  determined  by  iodine -starch  paper  (blue 
color).  Then  the  diazonium  salt  solutioii  was  neutralized  with  sodium  carbonate  to  weakly  acidic  reaction  aud 
rapidly  mixed  with  a  solution  (cooled  to  0°)  of  0.005  mole  of  phenol  (or  0-naphthoI)  in  2.5  ml  of  2  N  sodi¬ 
um  hydroxide  solution.  Tlie  mixture  was  allowed  to  stand  2-3  hours  at  room  temperature  and  acidified  with 
hydrochloric  acid.  This  resulted  in  precipitation  of  the  esters  (I)  or  (II),  v/hich  were  filtered  off  by  suction  and 
recrystallized  from  water  or  alcohol. 

Dimethyl  Esters  of  p-Dimctliylaminobenzcncazobenzcncsulfonamidophosphoric  Acids.  These  were  obtained 
the  same  as  the  esters  (I)  or  (II),  except  that  tlie  coupling  v/as  carried  out  in  weakly  acidic  solution. 

Dimethyl  Ester  of  p-DImetiiylaminobcnzeneazo-p-lionzcncsuIfonamidophosphoric  Acid.  A  mixture  of  0.02 
mole  of  finely  ground  p-dimetliylaminobcnzeneazo-p-bcnzencsulfoaamide,  0.02  mole  of  phosphorus  penta¬ 
chloride,  and  75  ml  of  carbon  tetrachloride  was  heated  slowly  with  vigorous  stirring,  and  was  rcfltLXcd  until  hydro¬ 
gen  chloride  evoltition  ceased  (3  hours).  Then,  wiiliout  stopping  the  stirrer,  200  ml  of  anhydrous  methanol  was 
added  rapidly  and  stirring  was  continued  for  1  hour.  After  12  hours  the  solvent  was  removed  by  vacuum  distil¬ 
lation,  and  the  residue  was  recrystallizcd  from  water  or  alcoliol;  yield  86<7«. 

The  properties  of  this  material  were  identical  with  those  of  the  substance  obtained  by  coupling  the  diazoni¬ 
um  salt  of  the  dimethyl  ester  of  p-aminophcnylsnifonamidophosphoric  acid  with  dimethylanilinc  (see  table). 

SUMMARY 

1.  By  cotipling  the  diazonium  salts  obtained  from  dimethyl  esters  of  aminophcnylsulfonamidophospltoric 
acids  with  phenol,  0-naphtlioI,  or  dimethylanilinc,  the  corresponding  azo  dyes  arc  formed;  these  have  the  proper¬ 
ties  of  acid -base  indicators. 

2.  The  dimethyl  ester  of  p-dimcthylaminobcnzcneazo-p-bcnzcnesulfonatiiidophosphoric  acid  has  the  same 
index  of  titration  as  methyl  orange,  but  has  a  color  change  at  the  transition  point  wltich  is  considerably  more 
distinct  than  that  of  methyl  orange. 

The  dimethyl  ester  of  p-dimethylaminobcnzcncazo-p-benzcncsulfonamidopliosphoric  acid  was  also  obtained 
by  an  alternate  syntlicsis  from  p-dimctltylaminobcnzcncazo-p-bcnzcncsulfonamidc,  through  the  corresponding 
trichlorophospliazo  compound. 

3.  The  pliosphazo  reaction  for  amides  of  sulfonic  acids  is  applicable  for  substances  whose  molecules  con¬ 
tain  an  azo  and  a  dimethylamino  group. 
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Diesters  of  acylamidophosplioric  acids  are  starting  materials  in  obtaining  various  derivatives  of  phosphoric 
acid,  for  example  acid  chlorides*  of N-dichloro-,  N-dialkoxy-,  and  N-diaroxyphosphinylimiiiocarboxylic  acids 
[1,  4J,  thio-derivatives  of  acylamidophosplioric  acids  [2],  and  many  others.  Up  to  the  present  time  diesters  of 
acylamidophosphoric  acids  have  been  obtained  by  hydrolysis  of  trialkoxy-  and  triaroxypliosphazoacyls  [3],  by 
hydrolysis  of  acid  chlorides  and  esters  of  N-dialkoxy-  and  N-diaroxyphosphinyliminocarboxylic  acids  [4],  by  the 
action  of  sodium  alcoholatcs  and  arylatcs  [plienolatcs]  on  acylamidophosplioric  acid  dichlorides  [51,  and  in  c  -r- 
tain  isolated  cases  by  the  action  of  excess  alcohol  on  trichlorophosphazo  compounds  or  acylamidophosplioric  acii 
dichloridcs  [G],  according  to  the  following  schemes: 


ArCON=..r(On)3  -f- IIjO  - 

Air,{=.-NM’0(01l)2)On  -l-IlaO  — 
ArGOiMirOCl2-l-2NuOU  - ' 


ArCOiNllPO(On)a 


Cll3CON=PCl3  -1-  3110r,ll3 
cii30coNiiroci2  +  2110C113 


CIl30C0NllI’0(0CIl3)2 


In  all  of  these  cases,  excluding  the  latter  two  special  cases,  in  obtaining  the  diesters  of  acylamidophosplioric 
acids  it  is  necessary  to  prepare  dry  plicnolates  or  solutions  of  the  alcoholatcs  using  metallic  sodium,  which  has  a  .. 
number  of  disadvantages  and  is  quite  time-consuming. 

As  a  result  of  numerous  experiments  it  was  found  that  aromatic  diesters  of  acylamidophosplioric  acids  can 
be  obtained  with  good  yields  directly  from  trichlorophosphazoacyls  and  phenols  in  the  presence  of  tertiary  amines 
(pyridine,  dimcthylanilinc,  tricthylaminc),  and  the  dimethyl  esters  can  be  obtained  from  trichlorophosphazoacyls 
and  a  large  excess  of  methanol  (compare  [6]).  Using  these  methods,  a  number  of  diesters  of  acylamidophosphoric 
acids  were  obtained  which  are  already  described  (Table  1)  and  several  which  are  not  described  in  the  literature 
(Tabic  2). 


•The  names  which  we  proposed  previously  [7,  4]  for  these  types  of  compounds-trichloroisophosphazoacyls  (ArC 
(=  NPOCl2)t'l],  C>chloro-p,p-diaroxyisophosphazoacyls  [ArC(=  NPO(OAr')2)Cl],  trialkoxyisophosphazoacyls  (  ArC 
(=  NPCX0AII<)2)0AIK],  and  in  general  the  term  isophospliazoacyls  (ArC=  NPO!!;^  )  we  acknowledge  as  unfortunate, 
and  consider  that  it  is  better  to  regard  these  compounds  as  derivatives  of  the  hypothetical  N-phosphinylimino- 
carboxylic  acids  [RC(=  NPOil2)  OlIJ,  since  thereby  it  is  not  necessary  to  introduce  a  new  term  (isophospliazoacyls), 
and  it  is  possible  to  give  a  clear  and  relatively  simple  name  for  the  majority  of  the  cotnpounds  of  this  type,  for 
example  the  acid  chlorides  of  N-dichlorophosphinyliminocarboxylic  acids  [RC(  =  NPOCl2)CI], 
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Diesten  of  Acylamidophosphoric  Acids  of  the  Type  (RO)2  PONHCOR* 
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Not  described  in  literature;  for  properties  see  Table  2. 

•  Upon  decreasing  quantities  of  phenol  and  pyridine  to  2  moles,  yield  TS^o. 

•  •  Upon  decreasing  quantities  of  phenol  and  pyridine  to  2  moles,  yield  64<v!>. 

•  •  •  Upon  decreasing  quantities  of  phenol  and  pyridine  to  2  moles,  yield  757o 


TABLE 


3361 


®YieIds-see  Table  1. 

•  “All  compounds  were  insoluble  (at  the  boiling  point)  in  water,  petroleum  ether,  ether,  or  carbon  tetrachloride,  +  readily  soluble  at  20*; 
readily  soluble  at  boiling  point; -difficultly  soluble  at  boiling  point. 


Tlic  formation  of  the  dicsters  of  acylamidophosphcric  acids  from  trirhloropliospliazoacyls  and  phenols  In  the 
presence  of  tertiary  bases  can  proceed  by  two  different  schemes; 

ArCONV^rClaH-SAi'OlH- 3Py  —  ArCONr=rl’(OAr');i  ArC,ONIirO(OAr')2 

ArCnN=.rCl3  -i- 2Ar'OII  I  21\v  — »• 

ArCON:=l’(OAr')2Cl  AiC0N’Ill’0(0Ar')2 

Apparently  the  reaction  pocs  according  to  Scheme  (I),  since  upon  decreasing  the  ciuantity  of  plienol  to 
moles  per  mole  of  trichlorophospliazoacyl  tlic  yield  of  dicsters  is  reduced  considerably.  Evidently,  in  the  picsence 
of  tertiaiy  amines  the  reaction  rate  of  the.  plienols  with  tlic  diaroxyclilorophosphazoacyls  is  greater  than  the  re¬ 
action  rate  of  tlie  phenols  with  aroxydichloropliospliazoacyls  or  trichlorophospliazoacyls.  Tlicrcfore,  upon  decreas¬ 
ing  the  quantity  of  plienol  there  is  formed  a  mixture  of  triaroxyphosphazoacyls  and  diaroxyehlorophosphazoacyls 
(which  upon  hydrolysis  give  the  dicsters)  with  aroxydichloropliosphazoacyls  and  irichloiophosphazoacyls  (which 
upon  hydrolysis  give  water-soluble  compounds),  thus  decreasing  the  yields  marhcdly. 

I'or  obtaining  the  dimethyl  esters  of  acylamidophosphoric  acids,  the  corresponding  tiichlorophosphazoacyl 
was  added  to  a  large  excess  of  methanol  (1  mole  in  0.8 -1.0  liter),  the  reaction  mixture  was  allowed  to  stand 
for  2-2.5  hours  at  room  temperature,  and  the  methanol  was  removed  by  vacuum  distillation.  The  reaction  pro¬ 
ceeds  almost  quantitatively  according  to  the  following  sclicme  (compare  [6]): 

ArCON=rCl3  -1-  HCIlaOH  — >  CII3CI  -j-  211C1  1-  Ai  CONllPO(OCll3)2 
EXPERIMENTAL 

Dimethyl  Esters  of  Acylamidophosphoric  Acids.  The  trichlorophosphazoacyl  (0.1  mole)  was  added  with 
cooling  and  stirring  to  methanol  (80-100  ml)  at  such  a  rate  that  the  temperature  of  the  reaction  mixture  did  not 
rise  above  15*  C.  Then  the  mixture  was  allowed  to  stand  at  room  temperature  for  2-2.5  hours.  The  dimethyl 
esters  of  m-  and  p-nitrobcnzoyl-  and  3,5-dinitrobenzoylamidophosphoric  acids  crystallized  out  almost  complete¬ 
ly  under  these  conditions.  The  dimethyl  esters  of  benzoyl-,  p-clilorobcnzoyl-,  and  trichloroacetylamidophcs- 
phoric  acids  remained  in  solution.  In  tlicse  eases  the  methanol  was  almost  completely  removed  by  vacuum  di¬ 
stillation,  and  the  crystalline  precipitate  was  filtered  by  suction,  washed  with  water,  and  air-dried.  The  yields 
Indicated  in  the  table  arc  without  utilization  of  the  mother  liquor.  Such  utilization  gave  almost  quantitative 
yields. 

Diaryl  Esters  of  Acylamidophosphoric  Acids.  The  trichlorophospliazoacyl  (0.1  mole)  was  dissolved  in 
dioxanc.  (‘10  ml);  the  solution  was  cooled  wiili  ice  water  and  stirred  wliile  adding  a  mixture  of  phenol  (0.3  mole) 
and  pyridine  (0.32  mole)  at  such  a  rate  that  the  temperature  of  the  reaction  mixture  did  not  exceed  15  * 

(10-15  minutes).  Then  mixing  was  continued  at  room  temperature  for  2  hours,  100-150  ml  of  ice  water  was 
added,  and  stirring  was  contintied  2  hours  more.  The  precipitated  diesters  were  filtered  off  by  suction,  washed 
with  water  (3X25  ml),  and  air-dried. 

Triethylamine  or  dimcthylanilinc  may  be  used  in  place  of  pyridine,  The  reaction  v;as  also  carried  out  under 
the  conditions  described  above,  using  0.1  mole  of  the  trichlor.ophosphazoacyls  with  0.2  mole  of  the  phenols 
and  0.2  mole  of  pyridine. 

T richlorophospha zo - p - methoxy benzoyl  (p-CH30C5H4(10N=  PCI3)  was  obtained  by  the  usual  method  [8]. 

Yields  quantitative.  Readily  soluble  in  benzene,  acetone,  or  dioxane  — difficultly  soltible  in  ether,  petroleum 
ether,  or  carbon  tetrachloride.  Almost  colorless  liquid. 

Found:  Equlv.  after  hydrolysis  4.97.  C8H702Ni’(:i3, 

Calculated:  Equiv,  after  hydrolysis  5.00. 


S  U  M  M  A  it  Y 

A  preparative  method  has  been  developed  for  obtaining  dimetliyl  esters  and  diaryl  esters  of  acylamidophos¬ 
phoric  acids  directly  from  trichloropliospliazoacyls  and  metliyl  alcoliol  or  fiom  trichlorophosj^hazoacyls  and  piienols 
In  the  presence  of  tertiary  bases. 
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In  previous  work  [1]  it  was  shown  that  the  interaction  of  acid  chlorides  of  N-diaroxyphosphinylarencimino- 
carboxylic  acids  with  ajrimonia  gives  N-diaroxyphosphinylnrencamidincs  ArC[  =  Nr0(0Ar’)2]NH2.  By  the  action 
of  strong  mineral  acids  on  N-diaroxyphosphinylarcncamidinea  tliey  arc  polymerized  rapidly  and  quantitatively, 
forming  colorless  crystalline  substances  which  do  not  possess  basic  properties  (sec  I’able  1).  Based  on  elemental 
composition  and  determination  of  molecular  weight  (Rast  method),  they  arc  trimers  of  the  N-diaroxyphosphinyl- 
arcncamidincs.  The  polyiucrization  occurs  very  readily  in  ilie  presence  of  small  quantities  of  strong  mineral 
acids,  formic  acid,  or  acetic  acid,  but  benzoic  acid  solutions  do  not  give  any  change.  If  the  hydrocliloridcs  of 
the  N-diaroxyphosphinylarencamidincs  arc  left  in  air,  they  arc  quantitatively  converted  to  trimers  within  a  few 
days,  but  in  storage  without  access  of  moisture  of  tiic  air  they  are  unchanged  in  the  course  of  many  montlis. 
Polymerization  occurs  readily  upon  boiling  solutions  of  N-diaroxyphosphinylarcncamidinc  salts  in  ethanol 
and  upon  dissolving  in  concentrated  sulfuric  acid.  For  preparative  purposes  the  most  convenient  method  is 
carrying  out  the  polymerization  in  aqueous  alcohol  or  aqueous  dioxane  solutions  in  the  presence  of  small  quanti¬ 
ties  of  hydrogen  chloride. 

The  trimers  of  N-diaroxyphosphinylarencamidincs  differ  sharply  in  their  properties  from  the  original  mono¬ 
mers:  They  do  not  possess  basic  properties;  they  arc  considerably  higher-melting  and  arc  almost  iasoluble  in  the 
majority  of  organic  solvents,  including  those  in  which  tiic  monomers  arc  readily  soluble;  they  are  unchanged  by 
the  action  of  dilute  solutions  of  acids  or  alkalies  at  20"  or  by  boiling  for  a  short  time. 

The  cause  of  polymerization  is  usually  unsaturation  of  the  molecule.  Hence,  in  the  N-diaroxyphosphinyl- 
areneamidine  molecules  there  must  be  an  active  double  bond  which  causes  their  trimerization.  It  is  evident 
that  tlic  double  bond  in  the  N-diaroxyphosphinylarcncamidiues  can  be  only  between  tlie  carbon  atom  and  one  of 
the  nitrogen  atoms,  corresponding  to  the  two  possible  tautomeric  forms. 

/Nll-11,  /N— II.. 

Arc  ^0  AiC 

'^N - l*(OAr')2  '^Nll-l'(OAr')2 

(1)  (ID 

DexiS  not  polymerize  Polymicrizcs 

The  double  bond  >  C=N^-*  cannot  be  the  cause  of  polymerization,  since  substances  wliose  molecules 
contain  a  bond  of  this  type,  for  example  ArC[  =  NI’(XOR)2lOR'  [2],  AiC[  =  NPO(OR)2]Cl  [3],  and  others,  do  not 
tend  to  polymerize,  which  probably  is  explained  by  the  considerable  polarization  of  the  >C=N^-  bond. 

•The  n'  denotes  a  nitrogen  atom  which  is  connected  with  a  phospliinyl  or  sulfonyl. 
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TABLE  1 

Trimers  of  N-Diaroxyphosphinylareneamidines,  of  the  Type  {  ArC[  =  NPO(OAr')2]  NHj} 


By  Rast  method,  in  camphor. 


The  tloublc  Ixiiid  >  C=K'*-  mny  be  the  cniisc  of  polyincriz.ition,  since  substances  whose  iiiolecnles  contain 
an  analogous  groupiiiR,  for  example  anliydroformaldchydcaiiiline  [■!],  iminoaldchydes  [bl,  ‘ind  others,  ate  poly¬ 
merized  readily.  If  tliis  reasoning  is  correct,  then  N‘-monoall<ylated  N^-diaroxypliosphinylarcncamidines  and  N- 
arylsulfonylarcncamidincs  should  not  polymerize,  since  for  these  c  mpounds  the  tautomeric  forms  (IV)  and  (\'I) 
which  contain  the  >  C-  N*-  double  lx)nd  arc  not  possible,  as  the  oxygen  atoms  (at  the  phosphorus  and  sulfur 
respectively)  must  "draw  off  tltc  liydrogen  atoms,  converting  titem  to  the  tautomeric  forms  (III)  and  (V),  which 
contain  >  C  =  N*  -  double  bonds. 


Aik 

^N— 11. 

Arc:  • 

'^N_P 


Arc  yX) 


'^N— P(OAr’),  ^Nii— l’(OAr')2 

(111) 

Docs  not  polymerize  Converted  to  (ill) 


.N - II. 

^  A  '\ 

Arc  "\o  O 

\ 

- SAr' 

fV)  , 

Docs  not  polymerize 


\  ^ 

^N’ll - SAr' 

(VI) 

C:onvcrtr.d  to  (V) 


Experiments  confirmed  these  assumptions.  Actually,  ncitlicr  the  N*-monocihyl-N*-diatoxyphosphinyl- 
areneamidine  nor  the  N-aroxysulfonylarencamidine  polymerizes  even  under  the  action  of  concentrated  mineral 
acids.  Thus,  it  is  cxtremclv  probable  that  the  cause  of  polymerization  of  N-diaroxypliospliinylarencamidincs  in 
the  prcicucc  of  the  >  C=  N^-  double  bond  is  occasioned  by  the  characteristics  of  the  structure  of  the  aniidinc 
grouping  as  a  whole,  namely  the  presence  at  the  of  a  strongly  clccironcgaiivc  substituent  with  only  one  atom 
of  oxygen  capable  of  forming  a  hydrogen  bond,  and  the  presence  of  two  hydrogen  atoms  at  the  N^. 

i'or  the  present  work,  several  N-diaroxyphosphinylarcnearnidines  were  obtained  which  have  not  been 
described  in  the  literature  (Table  2);  the  metliod  of  preparation  was  found  previously  [1]. 


EXPERIMENT  A  L 

Polymerization  of  N-I)iaroxyp!iosphinyIbcnzamidincs,  N-niaro>^’P‘^^^r^''’\)'^'P/^*’^^*’0*  -nitrobenzam- 
idincs.  To  a  solution  of  0.01  mole  of  the  N-diaroxypliosphinylbcnzatnidinc  in  10  ml  of  ethanol  there  was 
added  3-4  ml  of  O.b  N  hydrochloric  acid;  the  mixture  was  heated  to  boiling  and  then  allowed  to  stand  for  a  day 
at  room  temperature.  The  precipitated  crystals  of  tiic  trimers  were  filtered  off  by  suction,  washed  with  alcohol 
(2X3  ml),  washed  with  ether  (2X2  ml),  and  air-dried. 

Polymerization  of  N-niaroxyphosphinyl-nitrobcnzamidincs  was  carried  out  in  aqueous  dioxane  solutions. 


since  they  were  difficultly  soluble  in  ctlianol. 

The  trimers  of  all  N-diaroxypliosphinylbenzamidincs  were  rccrystallizcd  from  dioxane  or  alcohol -dioxane 
mixture.  Yields  and  melting  points  -  see  Table  1. 

Polymerization  of  N-Diaroxyphosphinylbenzamidines  in  the  Presence  of  F'ormic  or  Acetic  Acid.  An  0.01 


mole  quantity  of  the  N-diaroxyphosphinylbenzamidine  was  dissolved  with  heating  in  10  ml  of  8(y/o  ethanol, 

3  ml  of  acetic  or  formic  acid  was  added,  and  the  mixture  was  boiled  1-2  minutes  and  allowed  to  stand  for  a  day, 
Purthcr  treatment  was^as  in  the  preceding  section.  Trimer  yields  80-90T'o.  The  N-diaroxyphosphinylbenzam- 
idines  were  not  cliangcd  upon  boiling  with  aqueous  alcohol  solutions  or  benzoic  or  p-chlorobcnzoic  acids. 

Polymerization  of  N-Diphcnoxyphosphinylbenzamidine  by  the  Action  of  Concentrated  Sulfuric  Acid.  An 
O.OOC  mole  quantity  of  N-diplienoxyphosphinylbcnzamidinc  was  dissolved  with  vigorous  mixing  in  2  ml  of 
sulfuric  acid  (d  1.84).  The  temperature  rose  to  45-50".  Tlie  transparent  solution  was  diluted  by  rapid  addition 
of  15  ml  of  water.  After  3  liours  the  precipitated  trimer  was  filtered  off  by  suction,  washed,  and  rccrystallizcd. 
Yield  907^. 

Trimer  of  N-Dipiicnoxyphospliiilylbcnzamidinc  from  Its  Hydrochloride,  a)  Upon  Standing  in  Air.  An 
0.003  mole  quantity  of  the  hydrocliloride  of  N-diplicnoxyphospliinylbenzamidine  was  placed  on  a  tnred  watch 
glass  in  a  dust-protected  location  and  occasionally  stirred  wiili  a  glass  rod.  In  48  liours  tlic  glassy  salt  was  con¬ 
verted  to  a  viscous  liquid,  and  its  weight  had  increased  due  to  the  absorption  of  moisture  from  the  air.  In  72 
hours  trimer  crystals  began  to  precipitate,  and  the  weight  began  to  decrease  due  to  evaporation  of  water  and 
volatilization  of  hydrogen  chloride.  In  5  days  all  of  the  liquid  was  converted  to  a  dry,  crystalline  mass,  atid  its 
weight  corresponded  exactly  to  0.001  mole  of  the  tritiier  of  N-diphenoxyphosphinylbcnzamidinc.  The  trimer 
was  waslied  with  alcohol  and  ether  and  dried.  Identification -by  means  of  liiixed-samplc  test. 
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TABLE  2 

N-Di-p,p’-chIorodiphenoxyphosphinyIareneamidines  of  the  Type  ArCC  =  NPO(C5H4Cl-p)2]NH2* 


'■f  irt 

<o  CO  Cl  CO 

«o  CO  uS  >n  ci 
C4 


/!:  a  u  u  cj 


M  Cl  ^ 

u  G  o  u  o 

a,  a  c-  ou  cx. 

cl  c-> 

7",  y.  Y.  "it  Y-. 

o  Cl  »/> 

o  o  o  o  o 

»/l  -C  -C  O 

~  X  =  =  a 

o  Cl  Cl  C7I  2 

cj  u  o'  ci*  cj 


oo  CO  CO  O  VI* 

C«  CO  to  cri  t~; 

to  CO  lO  vr  CO 

e^i  — <  •^  •»■* 

^  ^  o  o> 

r-  05  CO  <j>  >o 

to  CO  lO  vj*  CO 


Z  O  O  O  O 


oj 

6 

o 

S'  s  - 

^  O 
■q  "o 

O  TJ  O 

P-4 

(tJ  (U  C4 

fi  ^  6 

vfcl  ^ 


7,  B  ^  B  ic. 


vf  '3*  O  ■*■<  O 

(M  CO  «r3  lO  — • 

^  ^  ^  ^  C'j 


C'l  <M  CO  <35  CO 

(M  CO  vr  'J'  O 

-r-l  ..H  C'l 


cO  t'*  — <  CO  Q 
r-  05  00  CO  O 


^  U 

33  (j  CJ  O 

o  U  O  O 

=  o  ?.  5C.  ^ 

O  a,  cx,  g  CO 


b)  Upon  Doilin^;  v.itli  00^;%  Ethanol.  A  solution  of 
0.001  ■  niolc  of  the  hydrocliloridc  of  N-dlplienoxyphos- 
phinylbcnzanildinc  in  25  ml  of  alcohol  was  boiled  for 
5-C  minutes  and  allowed  to  stand.  After  a  day  t!ic  pre¬ 
cipitated  trimer  was  filtered  off  by  suetion,  washed  with 
aleohol  and  ether,  and  dried.  Yield  80^j. 

N-Eiliyl-N'-diphenoxyphosphinylbcnzamidinc,  To 
a  solution  of  0.03  mole  of  N-dipiienoxyphosphinyl- 
iminobcnzoyl  chloride  in  70  ml  of  1  :  1  acetone  -  ether 
mixture,  cooled  to  -15*,  0.06  mole  of  cthylamine 
(also  cooled  to  -15’)  was  added  with  stirring,  and  the 
mixture  was  allowed  to  stand  for  a  day  at  0*.  The  sol¬ 
vents  were  removed  by  vacuum  distillation.  The  color¬ 
less  crystalline  mass  in  the  residue  was  washed  with 
water  (2x5  ml),  alcohol  (2x2  ml),  ether  (2x2  ml), 
and  dried.  Yield  almost  quantitative.  Prisms;  m,  p. 
122-123*  (from  alcohol).  Readily  soluble  in  acetone, 
difficultly  soluble  in  alcohol,  benzene,  or  carbon  tetra¬ 
chloride,  insoluble  in  water,  ether,  or  petroleum  ether. 

Found  <70:  P8.70.  C2ill2i03N2P.  Calculated ‘/a: 
P8.58. 

N*,N  Ethylene  -  bis  -  N*-diphcnoxyphosphinyl- 
benzamidine,  C6U5C[=NPO(OCgH5)2]  NtiCH2CH2NH[(C5» 
H50)2P0N  =  ]CCeUs  was  obtained  from  N-diphenoxy- 
phosphinyliminobenzoyl  chloride  and  ethylencdiamine 
under  the  same  conditions  as  those  for  N-ethyl-N'-dl- 
phcnoxypliosphinylbcnzamidine.  Colorless  crystals, 
difficultly  solu!)lc  in  r.lcvT.ol,  Jloxnno,  ether,  or  acetone, 
and  still  more  difficultly  soluble  in  water,  benzene  or 
petroleum  ether.  After  rccrystallization  from  1  :  1  al- 
cohol-dioxanc  mixture,  prisms,  m.  p.  183-185*.  Yield 
quantitative. 

Found  <7i>:  N  7.87.  C4oU3g06N4P2.  Calculated ‘Tit 
N  7.66. 

Action  of  Acids  on  N-Ethyl-N*-diphcnoxyphos- 
phinylbcnzamidine  and  N-Arylsulfonylarcneamidines, 
These  experiments  were  carried  out  both  under  the  con¬ 
ditions  used  for  polymerizing  the  N-diaroxyphosphinyl- 
arcncamidincs  and  also  under  other  very  diverse  con¬ 
ditions.  In  all  cases  the  original  products  were  recovered, 

SUMMARY 

1.  By  the  action  of  strong  mineral  acids  on  N- 
diaroxyphosphinylarcneamidincs,  they  arc  converted 
quantitatively  to  crystalline  polymers,  which  do  not 
possess  basic  properties.  N-Diaroxyphosphinyl-N*- 
alkylarcncarnidincs  and  N-arylsulfonylarcneamidlnes 
arc  unchanged  by  the  action  of  acids. 

2.  The  polymerization  of  M-diaroxyphosphinyl- 
arcncainidincs  apparently  is  caused  by  the  presence  in 
their  molecules  of  an  active  double  bond  in  the  amidlne 
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group  between  tlic  enrbon  ntoin  nnd  the  iionacylntod  nitrogen  ntoin.  N-I)inroxypliosphinyl - N'-alkylnrcnc  - 
ainidines  and  N-nrylsnlfonylnrencnmidines  do  not  polymerize,  since  tlic  nature  of  tlicir  structure  does  not  permit 
the  formation  of  tautomeric  forms  with  an  active  double  bond  in  the  amidinc  group. 
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Derivatives  of  amidines,  substituted  on  the  nitrogen  atoms  by  phosphoric  acid  radicals  possess  great  physio¬ 
logical  importance  [1].  Despite  this,  very  few  compounds  of  this  type  are  known  [2],  and  methods  for  their  synthe¬ 
sis  have  only  begun  to  be  developed.  As  the  result  of  the  recently  found  phosphazo  reaction  [3]  it  has  become 
possible  to  obtain  highly  diverse  trichlorophosphazoacyls  of  general  formula  AcN=  PCI3,  where  Ac  can  be;  CISO2, 
ArCO,  RSO2,  CCI3CO,  etc.  [4]. 

It  was  interesting  to  study  the  possibility  of  obtaining  amidines,  phosphorylated  on  the  nitrogen  atoms,  em- 
ployitig  the  pliosptiazo  reaction.  Experiments  revealed  that  N-arylsuIfouylbenzamidincs  react  with  phosphorus 
pcntachloride  to  yield  trichlorophosphazo-N-arylsulfonyliminobenzoyls  (I), 

Coll5C(=NS02Ai)NI[2+ rCls  — >  CGn5C(=-NS02Ar)N=PCl3 

(I) 

The  reaction  goes  quantitatively  in  a  matter  of  25-35  min  at  80-120*  in  an  inert  solvent.  Completely 
pure  trichlorophosphazo-N-arylsulfonyliminobcnzoyls  (I)  (Table  1)  arc  obtained  when  chemically  pure  starting 
products  are  used.  The  former  are  comparatively  low-melting  crystalline  compounds  (witli  the  exception  of 
compound  3  (Table  1),  which  was  obtained  as  a  viscous  liquid).  The  compounds  are  readily  soluble  in  benzene, 
dioxane,  and  acetone,  and  difficultly  soluble  in  ether,  petroleum  ether,  and  carbon  tetrachloride.  At  room  temper¬ 
ature  the  compounds  react  slowly  with  water,  and  when  refluxed  with  water  they  are  cleaved  into  the  starting 
N-arylsulfonylamidines,  phosplioric  acid  and  hydrogen  chloride.  When  reacted  with  1  mole  of  anhydrous  formic 
acid  or  glacial  acetic  acid  they  give  the  corresponding  N-dichlorophosphinyl-N*-arylsulfonyl-bcnzamidines(II) 
[C6ll5C(=NS02Ar)NllP0Cl2]  in  90-95'’/^ yield  (Table  2). 

The  reaction  begins  at  room  temperature,  goes  with  the  evolution  of  heat,  and  is  ended  in  1  to  2  houn, 

(II)  arc  fairly  high-melting  crystalline  substances,  melting  with  decomposition.  With  water  at  20“  they  react 
slower  than  do  compounds  (I),  and  when  boiled  with  water  they  are  cleaved  to  the  N-arylsulfonylamidines,  phos¬ 
phoric  acid  and  hydrogen  chloride.  They  are  difficultly  soluble  in  benzene,  dioxane,  and  acetone,  and  arc  very 
difficultly  soluble  in  petroleum  ether,  carbon  tetrachloride,  and  ether, 

Trichlorophosphazo-N-diphenoxyphosphinyliminobenzoyl  (III),  {  C6HsC[=  NPO(OC6H5)2]  N=  PCI3}  ,  a  color¬ 
less  viscous  liquid,  distilling  with  decomposition,  is  obtained  in  quantitative  yield  when  N-diphenoxyphosphinyl- 
benzamidinc  is  reacted  with  phosphorus  pcntachloride.  In  its  chemical  properties  the  compound  differs  from  the 
(I)  compounds.  When  (III)  is  refluxed  with  water  the  product  formed  is  N-diphcnoxypliosphinylbcnzamidine-N*- 
ph,.sphoric  acid,  and  not  N-diphenoxyphosphinylbcnzamidine.  The  same  acid  is  also  obtained  when  N-dichloro- 
phosphinyl-N'-diphcnoxypiiosphinylbenzam.Idinc,  which  is  formed  in  tlie  formolysis  of  (III),  is  hydrolyzed  with 
water  in  acetone  solution.  The  starting  N-diphcnoxyphosphinylbenzamidine  is  obtained  when  (III)  is  refluxed 
witii  0.1  N  sodium  hydroxide  solution. 


3369 


■4 IICOOII 


r.oIlsC(=NI’0(OCnHJ,.IN=r(:l:,- 

i+on-  (,„)  • 


CoH5f-l-=NPO{()Coll6)2lNnPOCla 
I  411,0 

Cf,iij,ci=Nro{()r,„ii5)jiNiiPO{on)2 


C„l!..C|=.NPO{OCollr.),|N’il2 


To  symlicslzc  rompouuds  3,  4  niid  0  (Tnblc  1)  wc  first  prepared  t!ic  previously  unknown  N-atyhulfonyl- 
benzamldincs  in  nccoidancc  witli  the  scheme. 

CcMsCOCl  ArS0.Nll2  CcMj,CON’llSO.,Ar  — -t  CoHoC=(NS02Ar)Cl  Coll5C=-(NS02Ar)Nil2. 

The  N'bcnzoyJ.ircnesulfouamidcs  w'erc  obtained  by  the  O.  Wallach  method  [3],  the  N-arylsulfonylimino- 
benzoyl  chlorides  by  the  A,  Wolkoff  method  [G],  and  the  N-arylsulfouylbenzamidine^  by  our  earlier  described 
method  [7]  (sec  Table  3). 


EX  PERIMENT  A  L 

All  of  the  operations  were  caiticd  out  in  such  manner  that  both  the  reaction  mixtures  and  the  reaction 
products  were  protected  from  atmospheric  moisture  as  much  as  possible. 

TrIchlorophosphazo-N-nrylsulfonylimitiobcnzoyls  (I)  (Table  1).  A  mixture  of  0.15  mole  of  N-arylsulfonyl- 
bcnzamidinc,  GO  ml  of  l)cnzcue  or  toluene,  and  0.155  mole  of  pulverized  piiosphorus  pcntaclilotide  was  placed 
In  a  round-bottomed  flask,  fitted  with  a  reflux  condenser,  and  heated  in  an  oil  bath  at  80-120®  until  the  hydrogen 
chloride  ceased  to  evolve,  wltich  required  30-40  min.  During  tliis  time  95-100^0  of  the  tiicoretical  amount  of 
hydrogen  ciiloride  was  evolved,  which  was  trapped  and  determined  in  conventional  manner.  The  solvent  was 
vactiutn-distilled.  Tlic  residue  was  an  oil,  wliicli  crystallized  wlicn  allowed  to  stand  v/itit  10  ml  of  petroleum 
ctiier  for  2-3  days  and  occasional  rubbing  witli  a  glass  rod.  Tile  crystals  were  suction-filtered,  waslicd  with 
petroleum  ether  (2X5  ml),  and  dried.  If  necessary,  (I)  can  be  recrystallizcd  from  cither  benzene  or  a  mixture  of 
benzene  and  petroleum  etlicr  (1:1).  Tlic  melting  points  of  the  recrystallizcd  products  were  usually  tiic  same 
as  tlic  melting  points  of  tlic  crude  prodticts.  Only  in  some  cases  did  the  melting  points  after  rccrystallization 
increase  by  1  - 1 .5®. 

l-ormolysis  and  acetolysis  of  trichlorophospliazo-N-arylstilfonyliminobcnzoyls.  Anhydrous  formic  acid  (0.01 
mole)  was  added  slowly,  in  drops,  to  a  solution  of  0,01  mole  of  (I)  in  30-40  ml  of  dry  benzene  (if  necessary, 
warmed  slightly).  Stormy  reaction  began  immediately,  accompanied  by  sclf-hcating  of  tiic.  mixture  (-  75*)  and 
the  evolution  of  carbon  monoxide  and  hydrogen  chloride.  Soon  tiic  N-dichloropliospiiinyl-N'-arylsulfonylbcn- 
zaniidiuc  (II)  began  to  deposit  from  the  solution.  The  reaction  mixtuie  was  allowed  to  stand  for  1-2  hr,  and  the 
deposited  crystals  were  suction-filtered,  waslicd  witli  benzene  (2X5  ml),  and  dried.  The  obtained  products  were 
quite  pure  and  did  not  require  rccrystallization  (see  Table  2). 

The  acetolysis  experiments  were  run  under  the  same  conditions,  but  here  1.5  moles  of  anhydrous  acetic 
acid  per  mole  of  (I)  was  used.  The  yields  were  nearly  quantitative. 

Hydrolysis  of  trichlorophospliazo-N-arylsulfonyliminobeiizoyls  with  water.  A  mixture  of  0.001  mole  of  (I) 
and  50  ml  of  water  was  renuxed  for  30-40  min.  Tlicn  the  mixture  was  cooled,  and  tlic  obtain;. d  crystalline  N- 
arj'lsiilfonylbcnzamidincs  were  suction-filtered,  washed  witli  water  (2X3  ml),  then  with  alcohol  (1X3  ml),  and 
dried.  The  yields  were  nearly  quantitative.  The  compounds  were  identified  by  the  technique  of  mixed  melting 
points. 

Trichlorophosphazo-N-diphcnoxyphosphiiiyliminobetizoyl  (III)  was  obtained  in  the  same  manner  as  (I).  The 
yield  w’as  nearly  quantitative;  the  compound  was  a  viscous  colorless  liquid. 

round  Cl  22.30,  22.07;  cquiv.  after  hydrolysis  5.00,  5.01.  C£9nj503N2P2Cl3.  Calculated  Cl  21.82; 
cquiv,  after  hydrolysis  5.00. 

N-Diclilorophosphitiyl  -  N*-diplicnoxyphospliiiiylbctizamiditie  (IV)  was  obtaiticd  by  the  formolysis  of  (III),  in 
the  satric  riiatiticr  as  tlic  (1)  compoutids  were  obtained  from  (II).  Yield  8C‘7j;  colorless  prisms,  m.  p.  159- IGl* 
(from  benzene);  difficultly  soluble  at  20*  iti  the  common  organic  solvents.  The  compotitid  is  slowly  hydrolyzed 
by  water  at  20®,  and  rapidly  when  heated  at  the  boil. 
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Trichlorophosphazo-N-arylsulfonyliminobenzoyls  of  Type  CcH5C(=  XS02Ar)  N=  PCI 


Calculated  equiv.  after  hydrolysis  =  5.00. 

•Hydrolyzable  chlorine. 

•  ‘All  of  the  coirpounds  crystallize  from  benzene  as  prisms. 

•  •  •Calculated:  equiv.  after  hydrolysis  =  4.00. 

•  •  •  •  Hydrolyzable  chlorine. 
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•  Legend;  +  readily  soluble  at  20*;  +  readily  soluble  at  the  boiling  point;  -  difficultly  soluble  at  the  boiling  point;  =  insoluble  at  the  boiling 
point . 

•  •  Hydrolyzable  chlorine. 

•  •  'According  to  the  literature  139* [6],  which  is  incorrect. 


round  ^o:  Cl  15.31,  15.02;  P  13.00,  13.21;  cquiv.  after  hydrolysis  3.84,  3.93.  C|pnir,04N2P2Cl2.  Calcu¬ 
lated  °Jo:  Cl  15.11;  P  13.21;  cquiv.  after  hydrolysis  4.00. 

N-Dinhcnoxyp!io<;phinylbrnzaniidinc-N'-phosphoric  acid  (V)  was  obtained  by  the  hydrolysis  of  (IV)  with 
water  in  acetone  solution  (8J.  Yield  prisms,  m.  p.  175-178’  (from  alcohol);  difficultly  soluble  in  water, 
alcohol,  and  acetone,  and  insoluble  in  petroleum  ether,  carbou  tetrachloride,  and  benzene.  A  saturated  water 
solution  has  a  pll  of  about  4. 

Found  <70:  P  C.27;  cquiv.  2.01.  C£3H2305N2P2.  Calculated P  6.48;  equlv.  2.00. 

(V)  is  also  obtained  by  refluxing  (111)  with  water  for  20-30  min.  Yield  SO^o. 

Hydrolysis  of  N-trichlorophosphazo-N'-diphcnoxyphosphinyliirtinobcnzoyl  with  0.1  N  NaOH  solution.  A 
mixture  of  0.01  mole  of  (IH)  and  50  ml  of  0.1  N  NaOli  solution  was  refluxed  for  30-40  min  and  then  allowed 
to  stand  for  2-3  hr.  The  obtained  crystals  of  N-diphcuoxyphosphinylbcnzamidinc  were  suction-filtered,  washed 
with  water,  and  dried.  Yield  85^0;  m.  p.  101-102’  (from  alcohol).  The  compound  was  identified  by  mixed 
melting  point. 

N-Arylsulfonylbcnzamidines.  A  slow  stream  of  dry  ammonia  was  passed  for  3-4  hr  through  a  solution  of 
0.1  mole  of  N-arylsulfonyliminobcnzoyl  chloride  in  100  ml  of  either  carbon  tetrachloride  or  benzene.  Then 
the  reaction  flask  was  stoppered  and  allowed  to  stand  for  2-3  hr.  The  solvent  was  vaciuim-distillcd.  The  residue 
was  a  completely  crystalline  mass,  which  was  pulverized,  washed  with  water  (3X5  ml)  and  alcohol  (2x3  ml),  and 
recrystallizcd  from  alcohol  (see  Table  3). 


SUMMARY 

1.  The  phosphazo  reaction  is  applicable  not  only  to  acid  amides,  but  also  to  acylated  amidices.  The 
rcactiou  of  phosphorus  pentachloride  with  N-arylsulfonylbenzamidincs  yields  trichlorophosphazo-N-arylsulfonyl- 
iminobcnzoyls,  which  possess  chemical  properties  close  to  those  of  the  trichlorophosphazoacyls, 

2.  The  reaction  of  N-diphenoxyphosphinylbenzamidine  with  phosphorus  pentachloride  yields  trichloro- 
phosphazo-N-diphcnoxyphosphinylirninobcnzoyl,  v/hich  on  formolysis  is  converted  to  N-dlchlorophosphinyl-N*- 
diphcnoxyphosphinylbenzamidine,  and  on  hydrolysis  gives  N-diphenoxyphosphinylbenzamidine-N'-phosphoric  acid, 
which  is  relatively  stable  toward  further  hydrolysis, 
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DERIVATIVES  OF  3  -  A  M  I  N  OP  H  E  N  OL 


I.  N-ARYLSULI  ONYL  AND  N-HENZOYL  DERD'ATIVES 
OF  3-AM1NOPHENOL  AND  ITS  llOMOLOGS 

I.  V,  Alcl<sandrov  and  Yu.  S.  Abraduslikin 

Scientific  F^cscarcli  Institute,  of  Organic  Intermediates 
and  Dyes 

Translated  from  Zluirnal  Obshchei  Khimii  Vol.  30,  No.  10, 

pp.  3'107-3‘112,  October,  19G0 

Original  article  submitted  November  28,  1959 


Derivatives  of  3-aminophcnol  under  the  conditions  of  their  oxidative  condensation  with  a  p-dialkylamino- 
auiline,  for  example,  in  the  color  development  reaction  [1],  form  quinone  imines  that  are  either  azine  or  oxazine 
dyes. 
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In  a  search  for  color  development  components  that  could  be  of  interest  in  color  cinematography,  we  synthe¬ 
sized  3-amino-5-hydroxy-l,2-xylcne  (I),  5-amino-3-hydroxy-l,2-xylenc  (II),  2-amino-G-l:yJro,\y- 1,4-xylenc 
(HI).  2  -amino-4-hydroxytoluenc  (IV),  3-amino-5-hydroxytolueue  (V)  and  4-amino-2-hydroxytolueue  (VI),  and 
their  N-bcnzoyl  and  N-sulfonyl  derivatives. 

(I),  (III)  and  (V)  were  synthesized  by  a  common  procedure,  consisting  in  the  preparation  of  the  dinitro 
compound  [2,  3],  partial  reduction  of  one  of  the  uitro  groups  in  the  latter  using  sodium  sulfide  [4],  replacement 
of  the  amino  group  by  the  hydroxyl  group  through  tlie  diazo  compound  [5],  and  reduction  of  the  second  nitro 
group  with  hydrazine  liydrate  [G].  Compound  (II)  was  obtained  by  the  nitration  of  o-xylene  to  3-nitro-l,2-xyIcne 
[7],  reduction  of  the  latter  with  hydrazine  hydrate,  nitration  of  the  formed  3-amino-l,2-xylene  [8],  and  then 
proceeding  as  indicated  above.  The  starting  materials  for  compounds  (IV)  and  (VI)  were  4-  or  2-nitro-2-  or  4- 
aminotolucne.  To  obtain  the  acyl  derivatives  of  (I  -VI),  and  also  of  m-aminophenol  (VII),  the  latter  were  acylated 
with  benzoyl  chloride  in  benzene  medium  [9],  and  with  benzene-  and  p-tolucncsulfonyl  chloride  in  aqueous 
medium  in  the  presence  of  sodium  acetate  [10].  In  order  to  isolate  2,G-dinitro-l,4 -xylene  from  the  mixture  of 
nitro  products  we  partially  reduced  the  latter  with  hydrogen  suliidc  in  amnioniacal  methanol  medium,  and  here  the 
predominant  product  was  the  nitroamine  from  2, 3-dinitro-l,4 -xylene,  which  proved  to  be  readily  soluble  in  tiic 
methanol,  and  consequently  could  be  easily  separated  from  the  2,G-dinitro-l,4-xylenc. 
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It  was  cstablisliccl  that  rlic  synthesized  ni-anilnophenol  derivatives  do  not  fluorcsec  in  tiltraviolct  llyht. 

The  data  on  the  color  photograpliic  properties  of  the  obtained  cornpeunds  will  be  reported  separately. 

EX  PERIMENTAL 

2- Nifro-4-aininot()lticne,  G.S-dinitrotoliicnc  and  3, 5-dinitro-l, 2-xylene  were  synthesized  by  earlier  des¬ 
cribed  procedures [3], 

2,C-Dinitro-l ,4-xylene.  Tor  the  nitration  we  took  477  g  of  mixed  acid  (33v>  HNO3,  **2SO.i)  and  added 
it  in  1  hr  to  lOG  g  of  1,4-xylcnc  at  15-20*,  after  which  the  mixture  was  stirred  at  25*  for  2  hr,  and  then  poured 
into  500  g  of  water  and  ice.  The  precipitate  was  filtered,  washed  with  100  ml  of  water,  and  dried  at  70-75*. 

Tile  yield  of  mixed  uitro  products  was  82  g  (92.8%);  m.  p.  83  -86*. 

f'or  purification  we  took  40  g  of  the  product  and  dissolved  it  in  a  mixture  of  250  ml  of  methanol  and  40  ml 
of  23%  ammonia,  after  which  the  solution  was  heated  to  the  boil  and  then  sufficient  hydrogen  sulfide  passed  Into 
the  solution  in  1  hr  to  reduce  50^%  of  the  nitro  compounds.  The  hot  solution  was  filtered  from  sulfur,  aud  then 
cooled  to  precipitate  the  4,6-dinitro-l,4-xylene.  If  the  obtained  substance  melted  below  122-123*,  it  was  re¬ 
crystallized  from  mctlianol.  Yield  8.2  g  (19.03%),  m.  p.  122-123*;  from  the  literature  [2]:  m.  p.  123*. 

3 - Nitro -1,2 -xylene.  A  mixture  of  100  g  of  nitric  acid  (d  1.31)  and  200  g  of  sulfuric  acid  monohydrate  was 

added  to  100  g  of  1,2-xylcne  at  -2  to  0*,  after  which  the  mixture  was  stirred  for  1.5  hr  and  then  poured  into  700  g 
of  ice  aud  water.  The  product  was  purified  by  steam  distillation  from  caustic.  Yield  104  g  (69.0^7a).  Viscous  yellow 
liquid,  d2o  1.142;  from  the  literature  [7]:  1.147. 

3-Amino-l,2-xylcnc.  A  mixture  of  45.7  g  of  3-nitro-l,2-xylene  and  45  g  of  hydrazine  hydrate  in  100  ml 
of  methanol  was  heated  to  the  boil  and  then  about  4  g  of  50%  skeletal  nickel  paste  was  added  in  portions,  followed 
by  heating  under  reflux  until  the  solution  decolorized  (about  2  hr).  On  completion  of  reduction,  about  another 
gram  of  SO^/a  skeletal  nickel  paste  was  added  to  decompose  the  excess  hydrazine  hydrate.  The  nickel  was  filtered  , 
while  tlie  methanol  filtrate  v/as  distilled  to  a  volume  of  50  ml,  aud  this  residue  was  diluted  with  100  ml  of  water 
to  yield  a  colorless  oil.  Yield  35.7  g  (97%);  0.988.  The  amine  was  converted  to  the  sulfate.  From  the  liter¬ 

ature  [7]:  the  amine  is  a  colorless  liquid  with  djj  0.993. 

5-Nitro-3-amino-l,2-xyIenc.  A  solution  of  34  g  of  3-amino-l,2-xyTcnve  in  270  ml  of  sulfuric  acid  mono- 
hydrate  was  nitrated  at  -10®  witlt  a  mixture  of  15  ml  of  nitric  acid  (d  1.4)  and  45  ml  of  sulfuric  acid  monohydrate, 
after  which  the  mixture  was  stirred  for  1  hour  and  then  poured  over  600  g  of  ice.  Yield  13.3  g  (31%).  The  sulfate 
of  the  nitroamine  was  suspended  in  150  ml  of  v/atcr  and  then  ammonia  was  added  until  the  test  with  Brilliant 
Yellow  was  positive.  The  product  was  rccrystallizcd  from  150  ml  of  80%  methanol.  Yield  4.22  g  (17.9%);  m,  p, 
110-111®;  from  the  literature  [8]:  yellow  needles,  m.  p.  Ill  - 112®  (from  80%  methanol). 

Nitroamino  derivatives  of  toluene  and  tlic  xylenes.  The  dinitro  compound  (0.1  mole)  was  added  to  250  ml 
of  water,  0.27  mole  of  sodium  sulfide  was  sifted  in,  then  0.26  mole  of  ammonium  sulfate,  and  the  mixture  was 
stirred  for  2  hr  at  70-72*  (A),  or  the  dinitro  compound  (0.1  mole)  was  added  to  120  ml  of  mctlianol,  then  0.27 
mole  of  sodium  sulfide  was  sifted  in,  the  whole  refluxed  for  40  rain,  and  then  the  mixture  was  diluted  with  150 
ml  of  water  (B).  The  precipitate  was  filtered,  then  suspended  in  a  mixture  of  200  ml  of  water  and  20  ml  of  hydro¬ 
chloric  acid  (d  1.19),  the  whole  stirred  for  10  min  at  60®,  and  the  solution  was  then  filtered.  The  nitroamino 
compounds  were  precipitated  by  the  addition  of  ammonia,  and  then  rccrystallizcd  from  cither  aqueous  methanol 
or  water  (Table  1), 

Nitroliydroxy  derivatives  of  toluene  and  the  xylenes.  The  nitroamino  compound  (0.1  mole)  was  sifted 
into  a  mixture  of  120  ml  of  water  and  30  ml  of  coned,  sulfuric  acid,  and  then  a  solution  of  0.102  mole  of  sodi¬ 
um  nitrite  in  30  ml  of  water  was  added  at  0-2*  until  a  distinct  test  with  starch-iodide  paper  was  obtained,  after 
which  the  reaction  mass  was  stirred  for  another  0.5  lir.  The  diazonium  salt  solution  was  added  to  a  boiling  mix¬ 
ture  of  100  ml  of  water  and  130  ml  of  coned,  sulfuric  acid,  and  the  whole  was  refluxed  for  15  min.  The  nitro- 
hydroxy  compounds  were  rccrystallizcd  from  water  aud  were  obtained  as  yellow  needles  (Table  2), 

Arninohydroxy  derivatives  of  toluene  and  the  xylenes.  A  mixture  of  0.01  mole  of  the  m -nitroliydroxy  com¬ 
pound  and  0.032  mole  of  liydrazinc  hydrate  was  dissolved  in  20  ml  of  methanol,  the  solution  heated  to  the  boil, 
and  then  about  2  g  of  SO^/j  skeletal  nickel  paste  was  added  in  portions. 
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TAHLE  J 


Nitronniino  Dcrivntivcs  of  Toluene  .ind  Xylenes 


Expt.  No. 

Name  of  compound 

Mciliod 

Yield  (in  <?<,) 

Appearance 

Melting  point 

1 

3 -Nit  ro-5 -amino -1,2- 
xylcnc 

B 

50.0 

Orange  plates 

74  -75*  (from 

60^0  methanol) 
(74-  75'  [8]) 

2 

2-Nitro-6-atnino-l,4- 

xylcne 

B 

33.4 

Yellow  needles 

96-97'  (horn 
SOTo  methanol) 
(96*  [4]) 

3 

3-Nitro-5-amlnotolucnc 

A 

14.4 

Red  needles 

97 -98' (from 
water)  (98- 
98.4*  [11]) 

TABLE  2 


Nitrohydroxy  Derivatives  of  Toluene  and  Xylenes 


Expt.  No. 

Name  of  compouud 

Yield  (in  %) 

Melting  point  (from  water) 

1 

3-Nitro-5-hydroxy-l,2-xylene 

21.0 

111  -112' • 

2 

5 -Nitro-3 -hydroxy -1,2 -xylene 

42.4 

120-121,  109  [12] 

3 

2-Nitto-6 -hydroxy -1,4 -xylene 

35.2 

90-91,  91  [5] 

4 

2- Niiro-4 -hydroxy  toluene 

35.8 

76-79,  77.0-77.4  [11] 

5 

3 -Nitro-5 -hydroxy  toluene 

21.4 

61  -62,  60  -62  [111 

6 

4 -Nitro-2-fiydroxy  toluene 

40.1 

117-118,  106-108  [13] 

TABLE  3 


AminoLydroxy  Derivatives  of  Toluene  and  Xylenes 


Expt.  No. 

No.  of  synthesized 
compound 

Yield 
(in  1o) 

Melting  point 

Appearance 

%  N 

Found 

Empirical 

formula 

Calcu¬ 

lated 

1 

I 

65.1 

210- 211' (from 
607<’  methanol) 

Colorless 

prisms 

10.21, 

10.39 

CgHuON 

10.20 

2 

II 

79.6 

179-180  (from 
597u  methanol) 
(179' [12]) 

Likewise 

3 

III 

36.2 

153-154  (from 
water) 

Colorless 

plates 

10.22, 

10.08 

CgHiiON 

10.20 

IV 

51.0 

156- 157  (from 
5(X7o  methanol) 

157- 159  [14]  . 

Likewise 

5 

V 

52.0 

137-138  (from 
50^0  methanol) 

Colorless 

prisms 

11.19, 

11.27 

C7H9ON 

11.38 

6 

VI 

61.7 

161-162  (from 
water)  (159- 
161' [13]) 

Colorless 

plates 

After  the  yellow  color  of  the  solution  had  disappeared,  the  excess  hydrazine  hydrate  was  decomposed  by 
the  addition  of  0.1  g  of  SO'/j  skeletal  nickel  paste,  and  then  the  stirring  under  reflux  was  continued  until  the  test 
witli  Brilliant  Yellow  was  negative  (about  15  min).  The  nickel  was  filtered,  atid  the  filtrate  was  diluted  witli  30 
ml  of  water  to  precipitate  tlic  reaction  product.  The  obtained  aminohydroxy  derivatives  (I- VI)  were  recrystal¬ 
lized  from  aqueous  mctlianol  (Table  3). 

•  round‘!(>:  N  8.C5.  8. 40.  CgMjOjN.  Calculated  *70 :  N  8.37. 
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N-Arylsulfoayl  Derivatives  of  (I- VII) 


TABLE  5 

N-Bcnzoyl  Derivatives  of  (I-IV)  and  (VI-VII) 


N-Arylsulfonyl  derivatives  of  (I“  Vll).  A 
suspension  o7  b.Ol  mole  of  (I-vil),  0.011  mole  of 
either  hcnr.enc-  or  p-ioluciicsulfotiyl  chloride,  and 
0.011  mole  of  sodium  acetate  In  80  ml  of  water 
was  refluxed  for  C  hr,  tlien  cooled  to  *20",  after 
which  tlic  precipitate  was  filtered  and  washed  with 
water  (about  20  ml).  The  N-arylsulfonyl  deriva¬ 
tives  were  rccrystallized  from  either  aqueous 
methanol  or  water  (Table  4), 

N-nciizoyl  derivatives  of  (I“IV)  and  (VI- 
VII)^  A  uiixture  of  0.01  mole  of  (I- IV)  or  (VI “ 
VII)  and  0.01  mole  of  benzoyl  chloride  in  50  ml 
of  dry  benzene  was  refluxed  for  10  hr,  then  cooled 
to  20*,  and  the  product  filtered  and  washed  with 
benzene  (about  20  ml).  The  benzoyl  derivatives 
were  recrysiallized  from  either  aqueous  methanol 
or  water  (Table  5). 

SUMMARY 

A  number  of  N-arylsulfonyl  and  N-benzoyl 
derivatives  of  3-aminophcnol  and  its  homologs  was 
synthesized.  Some  of  the  properties  of  the  synthe¬ 
sized  compounds  were  investigated. 
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ACTION  or  NITROGEN  TETROXIDE  ON  CROTONIC  ACID 
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Moscow  Institute  of  l  iuc  Chemical  Technology 
Translated  from  Zlinrnal  Ohshchei  Khimii  Vol.  30,  No.  10, 
pp.  3412-341'!,  October,  19G0 
Original  article  submitted  October  17,  1959 


The  action  of  nitrogen  tetroxlde  on  ethylene  and  pseudobutylcue  gave  diniiro  compounds,  which  on  re¬ 
duction  were  converted  to  the  diamines  [1], 

It  was  interesting  to  determine  the  behavior  of  crotonic  acid  tov/ard  nitrogen  tetroxide.  If  this  reaction 
goes  in  the  same  manner  as  with  ethylene  hydrocarbons,  then  nitro  compounds  should  be  obtained,  and  their  re¬ 
duction  should  lead  to  the  formation  of  the  corresponding  amino  acids. 

The  action  of  nitrogen  tetroxide  on  crotonic  acid  in  ether  solution  gave  the  nitrite  ester  of  nitrohydroxy- 
hutyric  acid.*  Tliis  compound  wlien  treated  with  water  was  converted  to  the  crystalline  a-nitro-  6 -hydroxy- 
butyric  acid. 

Reduction  of  the  nitroliydroxybntyric  acid  gave  the  amino  acid,  and  then  the  corresponding  hydrochloride. 
Crystals  of  cr-aminobutyric  acid  were  obtained  when  the  aminohydroxybutyric  acid  was  lieatcd  with  hydriodic 
acid  in  a  sealed  tube. 

Next  we  became  interested  in  the  problem  of  the  mutual  transformations  of  isocrotonic  ’  '  rotonic  acids. 
According  to  Egorov  [2],  tlie  rearrangement  takes  place  wlien  the  addition  product  is  allowed  to  st.-nJ,  but  his 
conclusions  lack  experimental  proof.  Tlic  basis  for  Egorov's  conclnsious  was  obviously  the  cis-trans  rearrange¬ 
ment  hypothesis  of  Wislicenus  [3],  vdio  expressed  the  theory  that  the  isomerization  is  determined  by  the  rever¬ 
sible  process  of  addition  and  cleavage  of  the  added  substances. 

Our  investigations  on  the  reaction  of  nitrogen  tetroxide  with  crotonic  and  isocrotonic  acids,  and  also  with 
other  unsaturated  acids  [4  -10],  and  our  observations  on  the  behavior  of  the  addition  products  during  their  for¬ 
mation  and  storage,  do  not  agree  with  the  opinions  of  Wislicenus  and  of  Egorov.  Our  experiments,  carried  out 
under  various  conditions,  revealed  that  isocrotonic  acid  is  converted  to  crotonic  acid  irrespective  of  wlicther 
liquid  or  gaseous  nitrogen  tetroxide  is  used.  In  this  connection  the  rearrangement  went  faster  in  ether  solution 
than  in  the  absence  of  solvent. 


EXPERIMENTAL 

A  solution  of  35.0  g  of  crotonic  acid  in  170  ml  of  dry  ether  was  cooled  to  0“  and  then  saturated  with  nitro¬ 
gen  tetroxide  (40.0  g)  for  7  hr  with  cooling.  When  saturation  was  complete,  the  solvent  was  removed  by  passage 
of  a  stream  of  carbon  dioxide  througli  the  solution.  We  obtained  70.3  g  of  a  yellow  oil,  which  was  soluble  in 
ether,  ethyl  acetate,  alcoliol,  benzene,  chloroform,  acetone  and  dioxanc,  and  insoluble  in  water,  petroleum 
ether  and  ligroine.  We  obtained  30.7  g  of  crystals  when  the  oil  was  allowed  to  stand  with  several  drops  of  water.. 
M.  p.  122.5-123.5“  (from  ethyl  acetate). 

Found  t/o:  N  9.49,  9.20.  M  151.C0,  153.30.  C4II7O5N.  Calculated  <70:  N  9.40.  M  149. 

•A  similar  compound  was  obtained  when  isocrotonic  acid  was  treated  with  nitrogen  tetroxide. 
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When  2.0  g  of  the  crysiillinc  mntcrinl  w.is  he.iicd  with  1.8  g  of  ncctic  nnfiydriOc  on  the  w.iicr  bath  we  ob¬ 
tained  1.3  g  of  crystals  with  in.  p.  85  -80*  (from  ethyl  acetate). 

l  ound‘7c.:  N  7.22,  7.20.  CfiUgOcN.  Calculated  *7^:  N  7.35. 

Reduction  of  20.0  g  of  the  nitrohydroxybutyric  acid,  employing  the  conditions  used  in  the  reduction  of 
undecylcuic  acid  [10],  gave  3.-1  g  of  aminohydroxybutyric  acid  with  rn.  p.  230-231*  (wltli  decompn.).  The 
hydrochloride  of  the  aminohydroxybutyric  acid  was  prepared;  several  drops  of  coned,  hydrochloric  acid  (d  1.19) 
was  added  to  a  concentrated  water  solution  of  the  acid,  followed  by  the  addition  of  alcohol  and  ether  until  a 
tnrl)idity  appeared.  1  he  next  day  the  obtained  crystals  were  separated,  and  washed  with  alcohol  and  then  ether. 
M.  p.  149 -152*. 

Found ‘7o:  Cl  23.07.  C4H10O3NCI.  Calculated  Cl  22.80. 

When  a  mixture  of  1.0  g  of  the  aminohydroxybutyric  acid,  10  ml  of  hydriodic  acid  and  some  red  phosphorus 
was  heated  in  a  sealed  tube  for  6  hr  at  140-150*  we  obtained  the  aminobutyric  acid  with  m.  p.  271-272*(with 
decompn.). 

iTom  [11]:  a -aminobutyric  acid  crystallizes  as  leaflets,  melting  at  272* (with  decompn.);  3 -amino- 
butyric  acid  also  crystallizes  as  leaflets,  but  it  melts  at  180*  and  deliquesces  with  ease  when  stored. 

As  a  result,  the  acid  obtained  by  us  is  identical  with  a-aminobutyric  acid,  which  is  indicated  by  the  melt¬ 
ing  point  and  the  fact  that  our  acid  docs  not  deliquesce  when  stored,  which  is  characteristic  of  the  3 -acid. 

The  problem  of  the  mutual  transformations  of  isocrotonie  and  crotonic  acids  was  studied  under  various 
conditions.  The  experiments  were  run  in  parallel,  using  2.0  g  of  isocrotonie  and  the  same  amount  of  crotonic 
acid,  in  ether  and  without  a  solvent,  at  a  temperature  of  0,  +1,  and  17-20*.  In  ether  solution  the  isocrotonie 
acid  isomerized  immediately  when  3-4  drops  of  the  reagent  was  added.  Without  a  solvent,  the  same  amount 
of  nitrogen  tetroxide  caused  the  isocrotonie  acid  to  convert  to  crotonic  acid  in  a  matter  of  13-15  min,  while 
the  addition  of  7  drops  of  the  reagent  caused  the  isomerization  to  go  in  a  matter  of  3-5  min.  That  isocrotonie 
acid  is  converted  to  crotonic  acid  was  confirmed  by  the  change  in  both  the  melting  point  and  the  solubility, 
before  treatment  the  isocrotonie  acid  was  a  liqtiid,  the  solubility  of  which  was  43.61  parts  per  100  parts  of  water 
at  32  -33*;  the  acid  obtained  after  treatment  with  the  reagent  had  m.  p.  71 -72*  and  a  solubility  of  10.12  parts 
per  100  parts  of  water  at  the  same  temperature;  here  in  not  a  single  case  (from  19  experiments)  were  we  able  to 
detect  the  addition  product.  Consequently,  isocrotonie  acid  converts  to  crotonic  acid  before  nitrogen  tetroxide 
adds  to  the  double  bond  of  the  acid. 

SUMMARY 

1.  Nitrogen  tetroxide  completely  saturates  the  double  bond  in  crotonic  acid,  in  which  connection  the 
groups  that  add  arc  ONO  and  NO2,  differing  from  the  olefins,  which  form  dinitro  compounds. 

2.  The  crystalline  a-nitro-  3 -hydroxybutyric  acid  was  obtained,  which  was  converted  to  the  a-amino 
acid  by  reduction, 

3.  The  problem  of  the  mutual  transformations  of  isocrotonie  and  crotonic  acids  under  the  influence  of 
nitrogen  tetroxide  was  investigated, 
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On  the  example  of  the  reaction  of  nitrogen  tetroxide  with  unsaturated  aliphatic  ketones  it  was  shown  by 
one  of  us  tltat,  depending  on  the  structure  of  the  starting  ketone,  various  addition  products,  differing  in  botli  their 
nature  and  properties,  are  obtained  [1],  Here  it  was  established  that  the  niiro  group  adds  to  the  least  hydrogenated 
carbon  atom,  while  the  ONO  group  adds  to  the  most  hydrogenated  caibon  atom.  When  nitrogen  tetroxide  is  reacted 
with  bcnzalacetonc  the  reactions  that  take  place  are  not  jDuly  addition  to  the  double  bond  in  the  side  chain,  but 
also  replacement  of  the  hydrogen  in  the  p-position  of  the  benzene  ring. 

The  problem  of  how  dibcnzalacctonc  would  react  with  nitrogen  tetroxide  seemed  of  interest. 

An  ether  solution  of  dibcnzalacetone  was  treated  with  both  gaseous  and  liquid  nitrogen  tetroxide.  In  the 
first  ease  we  obtained  t!ie  nitrite  ester  of  lire  nitro  hydroxy  ketone  (I),  while  in  the  second  ease  we  obtained  the 
nitrite  ester  of  the  triuitro  hydroxy  ketone  (II). 


CoHfiCIl— ClI-C-CH=CllCcll6 

ONO  NO2  O 
0) 

O2N/  ^Clf— CIl-C-CH=CII<f  N 

\ - /  I  I  11  \ - / 

ONO  NO2  O 
(II) 


NO, 


\s1icn  cither  the  first  or  the  second  substance  was  shaken  with  water  the  ONO  group  was  replaced  by  hydroxyl 
[2,  3],  with  the  formation  of  the  corresponding  crystalline  hydroxy  nitro  ketones.  The  addition  products  decomposed 
when  heated  on  the  water  bath  for  28-30  lir  with  either  v/ater  or  mineral  acids  [4,  5), 


•  EX  PERI  MENTA  L 

a)  A  solution  of  40.0  g  of  dibcnzalacctonc  in  450  ml  of  ether,  cooled  to  -1*,  was  saturated  with  nitrogen 
tetroxide  (35.0  g)  in  12  hr.  On  completion  of  reaction  the  solvent  was  removed  by  blowing  v/ith  a  stream  of  car¬ 
bon  dioxide.  The  brownish  mass  v/as  ticaicd  with  dry  petroleum  ether,  and  then  with  anhydrous  mctliyl  alcohol. 
After  removal  of  the  solvent  we  obtained  53.7  g  of  a  yellow  oil.  The  substance  was  soluble  in  ether,  ethyl  acetate, 
alcohol,  and  acetone;  it  v/as  insoluble  in  water,  petroleum  ether,  and  benzene.  Nitrous  acid  was  cleaved  when' 
the  substance  was  shaken  with  water. 

Found N  8.10,  8.30.  Ci7Hi^Oj,N2.  Calculated ‘7o:  N  8.60. 

A  mixture  of  4.3  g  of  the  substance  and  100  ml  of  water  was  heated  on  the  water  bath  for  8  hr.  Tlic  mix¬ 
ture  was  then  extracted  witli  ether.  The  ether  extract  was  dried  over  sodium  stilfatc.  The  solvent  was  removed 
by  distillation.  We  obtained  1.7  g  of  plate  crystals  with  in.  p.  169-170*  (from  benzene). 
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round C  G3.‘18,  68.30;  n  r).2,  5.3;  N  4.5,  4.G.  CivUisO^N.  Calculated  C  68.G9;  11  5.05;  N  4.71. 


Hcatiui;  3.8  g  of  the  substance  with  100  ml  of  water  on  the  water  bath  for  28-30  hr  led  to  decomposition 
of  t!ie  molecule,  in  wliicli  connection  we  obtained  1.2  g  of  benzoie  acid  (m.  p.  120-121*)  and  a  stnall  amount 
of  benzaldeltydc . 


Reduction  of  tlie  addition  pro<luct.  Into  a  water-cooled  flask,  fitted  with  a  reflux  condenser,  dropping  fun¬ 
nel  and  thertiiotjietcr,  was  charged  120  g  of  tin.  Then,  with  stirring,  hydrochloric  acid  was  added  in  small  por¬ 
tions  (5  - 10  tnl),  while  the  product  (40.0  g)  was  added  periodically  in  drops  from  the  dropping  funnel.  When  all 
of  the  components  had  been  added  the  reaction  flask  was  heated  on  the  water  bath  for  5  hr.  The  residual  tin  was 
separated,  while  the  liquid  was  diluted  witli  5  volumes  of  water  and  then  treated  with  hydrogen  sulfide.  The 
stannous  sulfide  was  filtered,  while  the  filtrate  was  refluxed  with  105  g  of  lead  oxide.  After  removal  of  the  lead 
chloride  the  motlier  liqtior  was  again  treated  v.’ith  hydrogen  sulfide. 


The  filtrate  from  tlic  lead  sulfide  was  made  alkaline  and  then  was  heated  for  40  min  on  the  water  bath, 
after  whiclt  it  was  extracted  with  ether.  Benzyl  alcohol  (1.8  g)  was  isolated  from  the  ether  solution,  and  was 
characterized  both  by  its  boiling  point  of  204-205*  and  by  oxidation  to  benzoic  acid. 


The  water  solution  (after  extraction  witlt  ether)  was  acidified  with  hydrochloric  acid  and  then  was  evaporated 
to  1/2  volume,  f-rom  the  solution  on  cooling  we  obtained  8.7  g  of  benzoid  acid  with  m.  p.  120-121*  (from  water). 


b)  The  dropwise  addition  of  32.0  g  of  nitrogen  tetroxide  to  a  solution  of  25.0  g  of  dibenzalacctonc  in  280 
ml  of  ether  at  0±2*  was  accompanied  by  a  rise  in  temperature.  The  solution  was  brought  back  to  the  original 
tctnperattire  by  cooling,  and  then  additional  nitrogen  tetroxide  was  added,  etc.  On  completion  of  reaction  the 
solvent  v/as  removed  by  blov.'ing  with  a  stream  of  carbon  dioxide;  here  the  addition  product  decomposed  violently 
with  much  heat  evolution,  leading  to  ignition.  For  this  reason  the  substance  was  separated  from  the  solvent,  trans¬ 
ferred  to  a  separatory  funnel,  and  washed  in  sequence  with  water  and  then  petroleum  ether.  We  obtained  32.0  g 
of  liquid  addition  product,  a  substance  that  decomposed  on  storage,  became  thick,  and  burned  explosively  when 
held  in  a  free  flame. 

The  heating  of  6.2  g  of  the  liquid  product  with  100  ml  of  water  gave  3.9  g  of  a  crystalline  trinitro  hydroxy 
ketone.  The  ycllov;  plates  were  soluble  in  both  ether  and  alcohol,  and  insoluble  in  petroleum  ether.  M,  p.  199- 
201*  (from  alcohol). 


Found  N  10.37,  10.70.  C^HijOgNj.  Calculated  N  10.85. 


A  mixture  of  5.6  g  of  the  substance  and  100  ml  of  water  was  heated  on  the  water  bath  for  30  hr.  Here  we 
obtained  2.2  g  of  p-nitrobenzoic  acid,  m.  p.  237-238’  (from  alcohol).  The  mixed  melting  point  with  the  previ¬ 
ously  obtained  p-nitrobenzoic  acid  was  not  depressed.  As  a  result,  long  heating  (,f  the  product  with  water,  and 
also  with  ntincral  acids,  leads  not  only  to  hydrolysis  of  the  nitrogen -containing  group,  but  also  to  a  decompo¬ 
sition  of  the  molecule. 


An  attempt  to  convert  the  nitro  ketone  to  the  amino  ketone  proved  unsuccessful.  We  obtained  6.3  g  of  p 
aminobcnzoic  acid  (m.  p.  184-185*)  when  17.0  g  of  the  product  was  reduced  with  tin  and  hydrochloric  acid 
under  the  earlier  described  conditions. 


SUMMARY 

1.  Dibenzalacetone  adds  nitrogen  tetroxide  to  one  double  bond.  Treatment  with  the  gaseous  reagent  yields 
the  nitrite  ester  of  the  hydroxy  nitro  ketone,  while  treatment  with  liquid  nitrogen  tetroxide  leads  to  the  formation 
of  the  nitrite  ester  of  the  hydroxy  trinitro  ketone.  Here,  besides  the  addition  reaction,  there  is  also  replacement 
of  the  hydrogen  in  the  p-position  of  the  benzene  ring, 

2.  The  addition  products  decompose  when  heated  with  either  water  or  mineral  acids. 
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It  is  known  that  nitrosoacetanilide  in  nonionizing  solvents  reacts  in  the  tautomeric  form,  as  benzene- 
diazonium  acetate.  In  harmony  with  tliis,  it  was  shown  by  Waters  [1]  that  the  reaction  products  of  nitrosoacct- 
anilide  with  alkyl  halides  are  acetic  acid,  nitrogen,  and  benzene  halide. 

In  a  jirevious  paper  [2]  v/e  expressed  the  opinion  that  the  reactions  investigated  by  Waters  proceed  with  the 
intcimcdiate  formation  of  benzenediazonium  halides,  since  wlicn  the  reactions  arc  run  under  milder  conditions 
it  is  possilde  to  isolate  the  benzenediazonium  halides  in  up  to  lG‘7o  yield. 

However,  it  must  be  emphasized  that  eveu  under  mild  temperature  conditions  the  course  of  the  discussed 
reactions  is  extremely  complex.  This  results  in  copious  tar  formation  and  the  creation  of  secondary  products 
(for  example,  biphenyl). 

As  far  as  we  know,  the  reaction  of  nitrosoacetanilide  with  acid  chlorides  has  not  been  studied  before.  Be¬ 
sides  this,  such  an  investigation  is  of  interest  in  view  of  the  high  reactivity  of  the  halogen  in  the  discussed  com¬ 
pounds. 

Study  revealed  that  the  reaction  of  nitrosoacetanilide  with  benzoyl  and  p-toluoyl  chlorides  in  an  inert, 
nonionizing  solvent  (benzene)  proceeds  in  a  completely  different  manner.  In  contrast  to  the  reactions  with  alkyl 
halides,  the  indicated  reaction  goes  smoothly,  without  the  formation  of  any  secondary  compounds  or  tarry  products. 
The  solve.ut  does  not  take  part  in  the  reaction.  The  main  reaction  product  is  benzenediazonium  chloride.  Its 
yield  is  67  -7(?7o  of  tlie  theoretical; 

CcHsCOCl  +  CoHj-N  =  N-OCOCHs^  QH5K2CI  +  CgHsCCX^COCHa  (I) 

P-CH3C6H4COCI  +  CgIIj-n  =  N-OCOCII3  -vCcUsNzCl  +  P-CH3C6H4COOCOCII3  (II) 

7’hc  secondary  reaction  products  arc  the  mixed  anhydrides  of  acetic  and  benzoic  acids  in  the  first  case, 
and  of  acetic  and  p-toluic  acids  in  the  second  case.  However,  due  to  their  instability,  only  the  symmetrization 
products  of  these  anhydrides  arc  extracted  from  the  reaction  mixture. 

Apparently,  tlic  discussed  reactions  are  not  specific.  The  same  result  is  obtained  when  nitrosoacetanilide 
is  reacted  witli  trimcthylchlorosilanc  and  witli  silicon  tctraciiloiidc,  which  have,  as  is  known,  a  sharply  expressed 
acid  halide  character.  Together  with  the  benzeuediazonium  chloride,  trimcthylsilicon  acetate  and  tctraacetoxy- 
silanc  arc  formed  in  these  reactions  in  good  yields, 

(CH3)jSiCl  +  CcHg-N  =  N-OCOCH3  (Cn3)3SiOCOCH3  +  C6H5N2CI  (III) 

SiCl4  +  4QH5-N  =  N-OCOCH3  Si(OCOCH3)4  ^  dCcH5N2Cl  (IV) 


3384 


And  finnlly,  the  reaction  of  nitrosoacetanilidc  with  bcnzencsiilfonyl  chloride  proceeds  smoothly.  However, 
pure  benzenediazoninm  chloride  cannot  be  isolated  in  this  ease;  since  the  precipitate  depositing  from  the  benzene 
solution  is  a  practically  inseparable  mixture  of  benzenediazonium  chloride  and  the  corresponding  benzcncsulfonlc 
acid  derivative, 

ColIsSO^Cl  ►  2Cr,ll5-N  =  N-OCOCII3  -  CoHsNzCl  +  C6ll5N?0S02C6M5  +  (CH3C0)20  (V) 

The  above  given  results  can  serve  as  still  further  evidence  for  the  isomerization  of  nitrosoacetanilidc  to 
benzenediazonium  acetate.  In  addition,  the  results  of  our  study  permit  assuming  that  the  acetyl  group  in  the 
formed  benzenediazonium  acetate,  even  in  nonionizing  solvents  of  the  benzene  type,  is  quite  labile,  as  a  result 
of  wliich  the  following  reversible  exchange  reactions  take  place  between  the  benzenediazonium  acetate  and 
carboxylic  acid  anhydrides, 

CgHs-N  =  N-OCOCIij  +  RCOOCOR-^CgHs-N  =  N-OCOR  +  RCOOCOCH3  (VI) 

In  the  case  of  acid  chlorides  reactions  of  this  type  cease  to  be  reversible,  since  one  of  the  products  (benzene- 
diazouium  chloride)  is  practically  insoluble  in  benzene  and,  consequently,  is  removed  frorh  the  reaction  sphere. 

For  this  reason  it  could  be  expected  that  other  substances,  having  an  anhydride  character,  will  also  react  with 
nitrosoacetanilidc  in  the  same  manner  as  acid  clilorides,  provided  that  one  of  the  reaction  products  proves  to  be 
insoluble  in  the  selected  solvent. 

To  verify  this  postulation  we  studied  the  reaction  of  nitrosoacetanilidc  with  p-toluencsulfonic  anhydride. 

In  harmony  with  the  expressed  ideas,  the  reaction  goes  in  the  direction  of  forming  benzenediazonium  tosylate 
and  acetic  anhydride. 

2C6H5-N  =  N-OCOCII3  +  (p-CIlaCell,, 502)20  ->  2C6II5N2OSO2CGH4CH3-P+  (CH3C0)20  (VII) 

The  complexity  of  the  decomposition  of  nitrosoacetanilidc  in  alkyl  halides  has  already  been  mentioned 
above.  In  a  previous  paper  [2]  we  found  that  this  process  is  even  more  complicated  in  the  presence  of  hexa- 
ethyldistannanc.  In  the  latter  ease,  together  with  the  usual  decomposition  products,  a  number  of  new  products 
appear  and,  in  particular,  the  trictliyltiu  halide,  i'or  this  reason  it  seemed  of  interest  to  determine  if  the  smooth 
course  of  the  reaction  of  nitrosoacetanilidc  witli  acid  chlorides  is  disturbed  by  the  addition  of  hexaethyidistannane. 

Besides  the  above  described  reaction  of  nitrosoacetanilidc  with  acid  chlorides,  it  proved  that  processes 
characteristic  for  the  reaction  of  hexaethyidistannane  with  nitrosoacetanilidc  in  the  presence  of  alkyl  halides  are 
observed  wlicti  hexactliyidistannane  is  added  to  a  mixture  of  nitrosoacetanilidc  and  p-toluoyl  chloride.  As  a 
result,  besides  benzenediazonium  chloride  and  the  mixed  anhydrides  of  acetic  and  p-toluic  acids,  the  reaction 
products  are  nitrogen,  trictliyltiu  chloride,  and  a  large  amount  of  tarry  products. 

EXPERIMENTAL 

Reaction  of  nitrosoacetanilidc  with  benzoyl  chloride.  Nitrosoacetanilidc  (7.80  g)  was  dissolved  in  an  ice- 
cooled  solution  of  G.70  g  of  benzoyl  chloride  in  30  ml  of  dry  benzene.  The  mixture  was  kept  in  an  ice-water 
batli  for  24  hr.  The  crystalline  precipitate  of  benzenediazonium  cliloride  was  filtered  and  then  repeatedly  washed 
with  dry  ether.  We  collected  5.2  g  of  carefully  pressed,  but  not  completely  dry  product,  which  was  immediately 
dissolved  in  water.  The  water  solution  of  benzenediazonium  chloride  was  decomposed  by  heating  to  50*,  and  was 
analyzed  for  MCI  and  phenol.  The  bromatc-bromidc  titration  method  gave  3.09  g  of  phenol  (2,4,6-tribromo- 
phetiol,  m.  p.  9G“),  while  the  neutralization  method  gave  1.31  g  of  HCl.  The  yield  of  benzenediazonium  chloride, 
based  on  the  phenol,  is  G9.‘J/o,  while  based  on  the  MCI  it  is  75.9*70  of  the  theoretical. 

The  filtrate  from  the  separation  of  the  benzenediazonium  chloride  was  combined  with  the  rinse  ether,  and 
the  whole  was  fractionated.  We  obtained  3.09  g  of  fraction  I  with  b.  p.  100-140*,  and  4.2  g  of  fraction  II  with 
b.  p.  170- 172*  at  3  mm. 

Fraction  I  gave  a  positive  test  for  acetic  anhydride  with  2,4-dichIoroaniline  [3],  The  neutralization  tech¬ 
nique  gave  2.28  g  (477o)  of  the  anhydride. 

The  treatment  of  1.93  g  of  fraction  II  with  alcoholic  NaOll  solution,  followed  by  acidification  with  hydro¬ 
chloric  acid,  gave  2.08  g  of  benzoic  acid.  The  yield  was  quantitative,  m.  p.  121-122  (from  water).  The  mixed 


338S 


I 


inciting  point  with  authentic  compound  v;as  not  depressed.  Treatment  of  l.SG  g  of  fraction  II  with  aniline  In 
benzene  medium  gave  1.22  g  (SO.l'^o)  of  benzauilidc  with  m.  p.  lG2“(from  benzene).  1  he  mixed  melting  point 
with  .authentic  benzanilide  was  not  depressed. 

Judging  by  the  properties,  fraction  II  Is  benzoic  anhydride,  i  ield  78.07a;  m.  p.  41“  (from  hexane).  From 
[4]:  in.  p.  41-42“. 

Reaction  of  niirosoacetanilidc  with  p-tolnoyl  chloride.  A  solution  of  7.G7  g  of  nitrosoacetanilidc  and  7.22  g 
of  p-toluoyl  chloride,  in  .30  ml  of  dry  benzene  was  kept  in  an  ice-water  bath  for  48  Itr.  Using  the  above  described 
procedure,  we  isolated  G.O  g  of  ether-moist  benzenediazonium  chloride.  Yield  GG.77o  of  the  theoretical  (established 
from  the  amount  of  IICI  formed  in  the  decomposition  of  a  water  solution  of  the  benzenediazonium  chloride). 

The  liquid  portion  of  the  reaction  mixture  ts’.as  fractionated.  Here  \s'c  Isolated  a  fraction  with  b.  p.  100- 
140".  Analysis  using  2,4-dichloroaniline  revealed  that  this  fraction  contains  1.59  g  (33.47o)  of  acetic  anhydride 
[3]. 

The  residue  in  the  distillation  flask  crystallized  when  cooled.  Two  rccrystallizations  from  alcoliol  gave 
4.2  g  (70.870  of  p-toluic  anhydride  with  m.  p.  93-94“.  The  mixed  melting  point  with  the  authentic  compound 
was  not  depressed.  I  roin  f5]:  m.  p.  95”.  Treatment  of  l.OG  g  of  the  obtained  anliydride  with  excess  alcoliolic 
NaOH  solution,  followed  by  removal  of  the  alcohol  by  distillation  and  acidification  of  the  residue  with  hydro¬ 
chloric  acid,  gave  0.97  g  of  p-toIuic  acid.  Yield  85.875;  m.  p.  178-179*  (from  water).  The  mixed  melting  point 
with  the  authentic  compound  was  not  depressed. 

Reaction  of  nitrosoacetanilidc.  with  benzencsulfonyl  cliloridc.  Nitrosoacetanilidc  (5.75  g)  was  dissolved  in 
a  cooled  mixture  of  G.23  g  of  bcnzcuesulfonyl  cliloridc  and  25  ml  of  dry  benzene.  The  mixture  w'as  kept  in  an 
ice  bath  for  48  hr.  The  crystalline  product  was  filtered,  repeatedly  washed  with  dry  ether,  and  immediately  dis¬ 
solved  in  water.  3'hc  aqueous  solution  w’as  decomposed  at  50",  after  which  it  gave  a  positive  test  for  both  chloride 
ion  and  plicnol.  Analysis  of  an  aliquot  sample  cstablislied  that  1.36  g  of  KOH  is  required  to  neutralize  the  solution. 
Evaporation  of  a  second  sample  revealed  tliat  the  solution  contains  1.71  g  of  benzcnesulfouic  acid.  Consequently, 
tlie  crystalline  product  was  a  mixture  of  2.83  g  of  CgH5N20S02C5H5  and  1.73  g  of  CgH5N2Cl. 

The  liquid  portion  of  the  reaction  mixture  was  fractionated  in  vacuo.  Here  we  isolated  3.70  g  of  a  fraction 
with  b.p.  100-140”,  which  gave  a  positive  test  for  acetic  anliydride,  and  2.70  g  of  unreacicd  Cienzcticsulfu:./! 
chloride.  B.  p.  119-122“  at  12  mm.  Bcnzencsulfonamide,  m.  p.  156“  (from  alcohol).  The  mixed  melting  point 
with  authentic  bcnzencsulfonamide  was  not  depressed. 

The  yield  of  C5II5N2CI,  based  on  reacted  benzencsulfonyl  cliloridc,  was  61.G7o;  the  yield  of  CCH5N2OSO2C6H5 
was  54.07(5. 

Reaction  of  nitrosoacetanilidc  vath  silicon  tetrachloride.  A  solution  of  2.55  g  of  SiCI^  in  40  ml  of  dry  ben¬ 
zene  was  cooled  in  ice  water.  Then  9.84  g  of  nitrosoacetanilidc  v/as  added.  The  mixture  was  cooled  in  ice  for 
4  days. 

The  benzenediazonium  chloride  was  isolated  in  the  usual  manner,  Y'ield  73.07<5  (determined  from  the 
amount  of  HCl  formed,  in  the  decomposition  of  a  water  solution  of  the  diazo  compound). 

The  liquid  portion  of  the  reaction  mixture  was  evaporated  in  vacuo.  Tlic  residue  was  transferred  to  a  flask 
with  a  narrow  outlet  tube  and  was  vacuum-distilled  twice.  We  obtained  1.38  g  (52.27<5)  of  product  with  b.  p. 
143-148“  at  5  mm,  and  m.  p.  108-109“  (from  ether). 

For  identification  we  synthesized  letraacetoxysilane  by  the  Fricdcl-Ladenburg  method  [G).  The  mixed 
melting  point  with  the  substance  obtained  by  us  was  not  depressed. 

Reaction  of  nitrosoacetanilidc  with  trimethylchlorosilanc.  A  solution  of  G.80  g  of  nitrosoacetanilidc  and 
4.G0  g  of  trimctliylclilorosilaue  in  20  ml  of  dry  benzene  was  cooled  in  ice  water  for  G  hr  and  then  was  allowed  to 
stand  at  room  tcrnjx'raturc  for  15  hr.  The  benzenediazonium  chloride  was  filtered,  washed  with  ctlicr,  and  de¬ 
composed  in  water  solution.  I'itratioti  of  the  water  solution  by  the  bromatc-bromide  method  gave  2.96  g  of  phenol 
(2,4,6-tribromophenol,  m.  p.  96"),  while  tiie  neutralization  method  gave  1.34  g  of  IICT.  The  yield  of  bctizenc- 
diazonium  chloride,  based  on  the  phenol,  is  IG.O'Jo,  while  based  on  the  IlCl  it  is  81.0’Jo. 
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To  determine  the  structure  of  tlie  second  product  we  the  renctioii  in  dry  ether  niediutu.  Tlie  liquid 
portion  of  tlie  rc.iction  mixture,  nccumnl.ited  frotn  d  p.irnllel  experiments,  was  fractionated  throujjh  a  column. 
Calculated  on  tlic  basis  of  one  cxpcritiicnt,  here  we  olitained  2.‘ll  p,  ('13.2"/'.)  of  trimcthylacetoxysilane  with 
b.  p.  101  -10n“;  nJJ  1.38113.  I  tom  [7]:  b.  p.  102*,  n^^  1.388. 

Reaction  of  nitrosoacctanilide  with  p-toluencsulfonic  anhydride.  Nitrosoacctanilidc  (3.23  g)  was  added  to 
a  cooleil  solution  of  3.20  g  of  p-toluenesnlfonic  anhydride  in  dO  ml  of  dry  benzene.  The  mixture  was  allowed 
to  stand  with  cooling  in  ice  water  for  3  days,  after  wliich  the  crystalline  precipitate  was  filtered,  washed  with 
ether,  and  decomposed  in  water  solution.  Tlie  decomposition  was  accompanied  by  the  evolution  of  nitrogen. 
Evaporation  of  a  sample  of  the  obtained  solution  in  vacuo,  followed  by  recrysiallization  of  the  residue  from  coned, 
hydrochloric  acid,  gave  p-ioluencsulfoiiic  acid.  M.  p.  104  -105*.  The  mixed  tiielting  point  with  the  pure  product 
was  not  depressed.  Analysis  of  a  second  sample  by  the  neutralization  method  gave  2.30  g  of  p-tolncncsulfonic 
acid  in  the  solution.  Consetinciitly,  the  yield  of  benzenediazonium  tosylate  is  72.6'/(}  of  the  theoretical. 

Distillation  of  the  liquid  portion  of  the  reaction  mixture  led  to  the  isolation  of  a  fraction  with  b,  p.  90- 
140*,  giving  with  2,4-dichloroaniline  a  positive  test  for  acetic  anhydride, 

I'cacticn  c  f  nitrosoacctanilidc  with  p-toluoylchloride  in  the  presence  of  hcxacthyldistannane.  In  a  nitrogen 
stream,  with  external  ice  cooling,  a  charge  of  27  ml  of  dry  benzene,  4.24  g  of  p-toluoyl  chloride,  3.48  g  of  hexa- 
ethyldistannanc  and  4.50  g  of  nitrosoacctanilide  was  loaded  in  the  indicated  order  into  an  ampul  with  two  outlet 
tubes. 

The  ampul  was  scaled  and  placed  in  an  ice-water  bath  for  3  days.  Considerable  excess  pressure  was  ob¬ 
served  when  the  ampul  was  opened.  In  contrast  to  the  previous  experimeuts,  the  reaction  mixture  had  a  tarry 
appearance.  The  benzenediazonium  chloride  was  isolated  in  the  customary  matincr.  Yield  0.4G  g  (12,170). 

Then  the  reaction  mixture  was  extracted  with  NaIIC03  solution,  washed  with  water,  dried  over  CaCl2,  and  fraction¬ 
ated  in  vacuo.  We  isolated  1.00  g  (46.57o)  of  tricthyltin  chloride  with  b.  p.  95-98*  at  15  mm,  and  n^  1.5603. 
f  rom  [8J:  b.  p.  100  - 101*  at  16  turn,  and  n^  1.5055, 

Tlic  voluminous  tarry  rcsidtie  was  rccrystallizcd  3  times  from  alcohol  to  yield  1.81  g  (52.17o)  of  p-toluic 
anliydridc  witli  m.  p.  92-94*.  The  mixed  melting  point  with  the  authentic  substance  was  not  depressed. 

The  mother  liquors  were  combined,  treated  v/ith  alcoliolic  NaOH  solution  until  alkaline,  and  then  evaporated 
to  dryness.  Steam  distillation  of  the  residue  led  to  the  isolation  of  0.02  g  of  biphenyl.  M.  p.  69*  (from  alcohol). 
The  mixed  melting  point  with  authentic  biphenyl  was  not  depressed. 

SUMMARY 

A  study  was  made  of  the  reactions  of  nitrosoacctanilidc  with  benzoyl  chloride,  p-toluoyl  chloride,  benzeue- 
sulfonyl  chloride,  trimcthylchlorosilanc  and  silicon  tetrachloride  in  benzene  solution. 

It  was  shown  tliat  nitrosoacctanilidc,  reacting  in  tlie  diazo  form,  smoothly  exchanges  the  acetoxy  group  for 
chlorine  when  reacted  with  acid  chlorides,  or  with  compounds  possessing  an  acid  chloride  character, 
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The  reaction  of  9-mcthylacridinc  with  aromatic  nitroso  compounds  has  been  studied  many  times.  Thus,  a 
compound  with  m.  p.  231-232“  was  obtained  when  a  mixture  of  9-mcthylacridinc  and  4-uitrosodimcthylaniline 
was  heated  in  alcohol  solution  in  the  presence  of  sodium  carbonate  [1],  which  was  assigned  the  structure  of  the 
azomethinc.  Two  substances  were  isolated  when  9-mcthylacridinc  v,'as  reacted  with  4-nitrosodicthylaniIine; 
the  azomethinc  C24H23N3  and  a  substance  with  the  formula  C24H23N3.H2O. 

The  fusion  of  9-methyIacridinc  with  4-nitrosodimcihylaniline  [2]  led  to  the  isolation  of  three  substances: 
tlic  azomethinc  with  m.  p.  244*  and  substances  with  m.  p.  234*  and  210-211*,  both  with  the  empirical  formula 

CjzHjgNa.HjO. 

Later  it  was  found  [9]  that  the  azomethinc  is  obtained  in  85*70  yield  when  9-methylacridine  is  heated  with 
4-nitrosodimcihyIanilinc  in  alcohol  solution,  and  also  when  9-methylacridine  is  fused  with  4-nitrosomonoethyl- 
anilinc  [4]. 

Later  it  was  established  that  the  heating  of  9-methyIacridinc  with  4-nitrosodimethyl-,  diethyl-  and  mono- 
cthylauilincs  and  nitrosobcnzcnc  in  alcohol  solution,  in  tlic  presence  of  sodium  carbonate,  yields  a  mixtiurc  of 
the  azomethinc  and  the  nitrone  [5],  while  tlic  reaction  of  4-oitrosodimcthylanilinc  with  9-mcthyIacridinc,  2- 
methoxy-  and  2-methoxy-6-chloro-9-methyIacridiucs  yields  nitrones,  contaminated  more  or  less  with  the  azo¬ 
methinc  [6]. 

The  contradictory  natine  of  the  existing  literature  data  caused  us  to  make  a  study  of  several  other  reactions 
of  9-metliylacridinc  with  nitroso  compounds:  on  the  one  hand,  with  such  a  simple  aromatic  nitroso  compound 
as  niirosotolucne,  and  on  the  other  hand,  with  a  nitroso  compound  of  the  heterocyclic  series,  namely  nitrosoanti- 
pyrine  (l-phenyI-2,3-dimethyI-4-nitroso-5-pyrazolone),  containing  both  tertiary  nitrogen  atoms  and  a  carbonyl 
group.  In  addition,  we  examined  the  reaction  of  9-methylacridinc  with  nitrosophenol,  a  nitroso  compound  that 
is  capable  of  tautomeric  transformation  to  the  isonitroso  compound  (quinone  monoxime).  In  all  cases  the  re¬ 
action  was  run  under  the  conditions  described  in  [1],  i.  e.,  in  refluxing  alcohol  solution  with  the  addition  of  sodi¬ 
um  carbonate. 

As  the  result  of  our  experiments  it  was  established  that  the  reaction  of  9-mcthylacridine  with  p-nitroso- 
tolucnc  yields  the  nitrone;  the  yield  of  the  nitrone  depends  on  the  amount  of  nitrosotoluene  taken  for  reaction. 
V/c  were  unable  to  show  the  formation  of  noticeable  amounts  of  the  azomethine. 

The  structure  of  tlic  obtained  nitrone  was  confirmed  by  its  synthesis  from  9-acridinecarboxaldehydc  and 
N-p-tolylhydroxylaminc. 


•for  Communication  XXII  sec  Zhur.  Obshchcl  Khim.  21,  1918  (1951). 
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Tlic  corresponding  azonictliinc  [9-(d'-mctIiylphenyIiniinomcthyI)-ncrIdinc]  was  obtained  by  the  rcactloa 
of  9-acridincc:arboxaldchydc  with  p-toluidinc.  Both  the  obtained  nitrone  and  the  azomethine  are  easily  hydro¬ 
lyzed  in  acid  medium  to  yield  9-acridinecarboxaIdchydc  with  m.  p.  IdS*.  The  formation  of  neither  the  nitrone 
nor  of  any  other  compound  is  observed  when  the  azomethine  is  heated  with  excess  p-nirrosotolucne,  and  997<» 
of  the  starting  azomctliine  is  easily  recovered  from  the  reaction  solution.  This  excludes  the  intermediate  for¬ 
mation  of  the  azomethine  in  the  reaction  of  9-mcthyIacridinc  with  p-nitrosotoluene. 

The  reaction  of  9-ntetliyIacridine  with  p-nitrosophcnol  gave  a  compound  with  m.  p.  227 -228* (with  de- 
compn.),  soluble  in  alkali.  After  purification  the  m.  p.  was  230*  (with  dccompn.),  and  the  analysis  agreed  with 
the  structtirc  of  the  corresponding  nitrone.  9-Acridiuecarboxaldehyde  is  formed  when  this  compound  is  hydro¬ 
lyzed  with  eithei  1%  sulfuric  or  liydrochloric  acid. 

The  corresponding  azomethine  [9-(4 '-hydroxyphcnyliminomethyl)-acridine]  was  obtained  from  p-azomethlne 
and  9-acriditiecarboxaIdchydc.  When  this  azomethine  was  heated  with  excess  p-nitrosophenol  we  recovered  86'7<> 
of  the  starting  azotnethinc  from  the  reaction.  As  a  result,  the  same  as  in  the  case  of  the  azomethine  obtained 
from  p-toluidine  and  9-acridinecarboxaldehydc,  excess  nitroso  compound  does  not  affect  the  course  of  the  re¬ 
action  of  the  nitroso  compound  with  9-met!iylacridinc  and  the  azomethine  is  not  converted  by  excess  nitroso 
compt''!!!! !  :  '  ‘  corresponding  nitrone.  From  tliis  it  follows  that  the  most  probable  scheme  for  the  reaction  of 
9-ii:i  V  /•  fu  -  e  with  nitroso  compounds  is  the  one  that  also  satisfactorily  explains  the  results  obtained  by  us 
in  the  reaction  of  9-methylacridiue  with  4-nitrosoantipyrinc, 

on  o 

I  t 

AcrClIa+nNO  Acr-CIla-N-R  — AcrCn=N-H 
Acr-CII=N-R  ■ 


Here  we  isolated  the  azomethine  with  m.  p.  228-229*  as  the  main  reaction  product,  and  in  addition  we  ob¬ 
tained  a  substance  with  m.  p.  205-210*  (with  decompn.),  which,  based  on  the  nitrogen  analysis,  corresponds  to 
the  composition  of  the  binary  compound  of  nitrone  and  azoxy  compound.  We  were  unable  to  isolate  the  nitrone 
in  sufficiently  pure  form  from  this  binary  compound.  We  also  synthesized  the  azomethine  with  m.  p.  223-229* 

[9 -(1 '-phenyl -2 ',3 '-dimethyl -5 '-pyrazolone -4 '-innnomethyl)-acridine]  from  9-acridinecarboxaldehyde  and 
4-aminoantipyrine. 

The  results  of  our  experiments  indicate  that  the  reaction  of  9-methylacridine  with  nitroso  compounds  of 
diverse  structure  yields,  depending  on  the  nature  of  the  taken  nitroso  compound,  either  the  azomethine  or  the 
nitrone. 


EX  PERIMENTAL 

9-Acridinyl-N-(4'-mctliylphcnyl)-nitrone  from  9-methylacridine  and  p-nitrosotoluene.  A  solution  of  1.1  g 
of  9-methylacridine  and  0.05  g  of  sodium  carbonate  in  10  ml  of  alcohol  was  prepared  by  heating  to  the  boil. 
Then  0.7  g  of  p-nitrosotoluene  was  gradually  added  in  1  hour  to  the  boiling  solution  and  the  mixture  was  heated 
for  another  30  min.  The  reaction  product  crystallized  as  long  yellow  needles.  Weight  0.6  g  (OG^j),  m.  p.  215- 
217’  (with  decompn.).  After  rccrystallization  from  either  alcohol  or  benzene,  m.  p.  220’(with  dccompn.).  The 
compound  is  readily  soluble  in  chloroform,  and  difficultly  soluble  in  ligroine  and  in  ether.  The  compound  is 
easily  hydrolyzed  in  the  presence  of  acids  to  yield  9-acridinccarboxaldchydc. 

In  a  second  experiment  we  obtained  0.18  g  (55  %)  of  the  compound  from  0.2  g  of  9-mcthyIacridine,  0.01  g 
of  sodium  carbonate,  5  ml  of  alcohol  and  0.3  g  of  p-uitrosotolucne. 

Found  N  8.99,  8.89.  CzilIigONj.  Calculated  ^ot  N  8.97. 

In  both  experiments  we  isolated  a  certain  amount  of  the  starting  substances  from  the  mother  liquors,  but 
we  were  unable  to  detect  the  azomethine. 
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9-Acridiiiyl-N*('t'-nicttiylplicnyl)-niirone  froinO-acridiuccarboxnldchydc  and  N-p-tolylliydroxylaminc. 

A  mixture  of  0.2  p,  of  9*acridiiiccnrboxaIdcliyde,  0.1  g  of  N-p-tolylliydroxylaininc  and  5  ml  of  alcohol  was  heated 
uuder  reflux  for  1  hour.  The  reaction  mixture  on  cooling  deposited  yellow  needles  wdth  m.  p.  217*  (with  de- 
compn.).  Yield  0.22  g  (737o).  After  recrystallir.ation  from  alcohol,  m,  p.  220*  (with  decompn.).  The  mixed 
melting  point  with  the  nitrone  obtained  from  9*mcthylacrldine  and  p-nitrosotoluene  was  not  depressed, 

9-(4*-McthylphrnyliminomcthyI)-acridine  from  9~acridinccarboxaldehydc  and  p-toluidine,  A  mixture  of 
0.2  g  of  9*acridinccarboxal(Jchydc,  0.1  g  of  p-ioluidiuc  and  5  ml  of  alcohol  was  heated  at  the  boil  for  about  1 
hour.  The  solution  on  cooling  deposited  red  prismatic  crystals  with  m.  p.  180-181*.  Yield  about  BO^o.  After 
rccrystallization  from  alcohol,  m.  p.  182-183*. 

Found  ‘7o;  N  9.38,  9.55.  C21II16N2.  Calculated  N  9.46. 

The  azoinethine  is  readily  soluble  in  chloroform  and  in  hot  alcohol,  and  difficultly  soluble  In  ether.  The 
compound  is  hydrolyzed  to  9-acridinccarboxalde.hyde  when  refluxed  with  Kfja  hydrochloric  acid.  The  azomethine 
is  not  converted  to  the  corresponding  nitrone  v/hen  treated  with  the  nitroso  compound,  which  can  be  seen  from 
the  following  experiment:  a  mixture  of  0.2  g  of  the  obtained  azomethine  with  m.  p,  182-183*,  0.01  g  of  sodi¬ 
um  carbonate  and  8  ml  of  alcohol  was  heated  to  the  boil  and  then  0.7  g  of  p-nitrosotoluene  was  added  gradually 
to  the  boiling  solution,  followed  by  refluxing  the  mixture  for  about  another  30  min.  We  isolated  0.18  g  of  un- 
leacted  azomethine,  i,  e.  OO^o  of  the  taken  amount,  from  the  mixture  on  cooling. 

9-Acridinyl-N-(4'-hydroxyphcnyl)-nitronc  from  9-mcthylacridine  and  p-nitrosophenol.  A  mixture  of  1  g 
of  9-meihylacrMine,  0.G5  g  of  p-nitiosophenol,  0.01  g  of  sodium  carbonate  and  8  ml  of  alcohol  was  heated  on 
the  water  bath  at  the  boil  for  2  hr.  The  obtained  precipitate  was  filtered  and  washed  several  times  with  alcohol. 
We  obtained  1  g  of  orange  crystals  (6C7o)  with  rn.  p.  227-228*  (with  decompn.).  The  compound  is  difficultly 
soluble  in  the  common  organic  solvents,  and  is  soluble  in  alkali.  The  compound  was  purified  by  dissolving  in 
alkali,  treating  with  animal  charcoal,  and  then  adding  hydrochloric  acid  until  the  red  precipitate  of  the  hydro¬ 
chloride  appeared.  Treatment  of  the  hydrochloride  with  excess  sodium  carbonate  solution  gave  the  free  base  as 
a  finely  crystalline  yellow  precipitate  with  m.  p.  230-231*  (with  decompn.).  9-Acridinecarboxaldchyde  is 
formed  when  the  compouud  is  heated  with  cither  sulfuric  or  hydrochloric  acid.  The  use  of  excess  nitroso- 
phenol  in  this  reaction  does  not  improve  the  yield,  since  it  leads  to  tar  formation. 

Found C  7C.35,  76.55;  H  4.85,  4.81;  N  8.84,  8.91.  C20HJ4O2N2.  Calculated  %:  C  76.43;  H  4.46; 

N  8.91. 

9-(4'-Hydroxyphcnyliminomcthyl)-acridinc  from  9-acridinccarboxaIdchydc  and  p-aminophenol.  A  mix¬ 
ture  of  0.6  g  of  O-acridinccarboxaldehydc,  6.3  g  of  p-aniinophenol  and  10  ml  of  alcohol  was  heated  at  the  boil 
for  30  min.  0:ange  crystals  with  m.  p.  255*  (v/ith  decompn.)  were  obtained.  Weight  0.7  g  (85.2%).  The  com¬ 
pound  is  difficultly  soluble  in  the  common  organic  solvents.  9-Acridinecarboxaldchydc  is  formed  when  the 
compound  is  heated  with  acids. 

Found  %;  N  9.64,  9.76.  C20H14ON2.  Calculated  %:  N  9.40. 

The  obtained  azomethine  is  not  converted  to  the  nitrone  when  treated  with  excess  nitrosophenol,  which 
can  be  seen  from  the  following  experiment;  a  mixture  of  0.5  g  of  the  azomethine,  0.02  g  of  sodium  carbonate 
and  10  ml  of  alcohol  v/as  heated  to  the  boil.  Then  0.5  g  of  p-uitrosophenol  was  added  gradually,  in  1.5  hr.  At 
the  end  of  the  reaction  v/e  isolated  0.43  g  of  the  azomethine,  or  86%  of  that  taken  for  reaction. 

9-[l ’-Phenyl -2*, 3 '-dimethyl -5 *-pyrazolone.-4*-iminoinethyl]-acridine  from  G-meihylacridine  and  4- 
Ditrosoantipyrinc.  A  mixture  of  2.5  g  of  9-mcthylacridinc,  0.05  g  of  sodium  carbonate  and  20  ml  of  alcohol 
was  heated  to  the  boil  and  then  2.75  g  of  the  uitrosoantipyrine  was  gradually  added  in  2  hr.  The  heating  was 
continued  for  another  30  min.  After  several  hours  we  collected  2.7  g  (52.5%)  of  orange-red  prisms  with  m.  p. 
220-221*.  After  recrystallization  from  alcohol,  in.  p.  228-229*.  The  compound  is  readily  soluble  in  chloro¬ 
form,  moderately  soluble  in  hot  alcoltol,  and  difficultly  soluble  in  benzene  and  petroleum  ether. 

Found  %:  C  76.53,  76.57;  11  4.89,  4.83;  N  14.25,  14.20.  C25H20ON4.  Calculated  %:  C  76.49;  11  5.15; 

N  14.28. 

Slender  lilac -colored  needles  of  the  hydrochloride  were  obtained  when  the  compound  was  treated  v/ith 
dilute  hydrochloric  acid  in  the  cold. 

Found  %:  N  13.13;  Cl  8.15,  8.4.  C25H20ON4.HCI.  Calculated  %;  N  13.05;  Cl  8.28. 
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Trc.itniciit  of  the  compound  with  17 -2070  liydrocliloric  acid,  even  in  the  coM,  rcsulti  in  tlic  separation  of 
the  liydrochloridc  of  9-acridinccarboxaIdchydc  and  sufficient  heat  evolution  to  complete  the  reaction. 

The  mother  li(iuor  from  tlie  separation  of  the  ar^omcthinc  was  evaporated  to  remove  the  alcohol;  tlic  residue 
was  recrystal lized  by  dissolving  iit  a  little  clilurofortit  aud  then  preetpitatiug  with  petroleum  ether.  V/c  obtained 
2  g  of  crystals  with  itt.  p.  20r)  - 210’ (with  decompn.).  The  nitrogen  content  was:  1G.77,  16.98  and  17.05'7>,  which 
corresponds  to  the  romposition  of  titc  binary  cornpouitd  of  nitrone  and  azoxy  compound,  formed  from  the  nitroso- 
aittipyrine.  We  were  unable  to  isolate  tlie  free  nitrone  from  this  compound.  We  isolated  0.3  g  of  the  starting 
9-itictliylacridine  froiti  the  petroleum  ether. 

9 -f  1’  - rhettyl -2 ’,3 ’-dimethyl -3 '-pyrazolone "t'-iminomcthyl] -acridine  from  9-acridincearboxaIdchyde  and 
d-aittiitoautipyrine.  A  ttiixture  of  0.2  g  of  O-acridineearboxaldehyde,  0.2  g  of  4-amiitoantipyritte  aud  5  iitl  of 
alcoliol  was  heated  at  the  boil  for  1  lir.  1  lie  obtained  orange-red  crystals  were  recrystallizcd  from  alcohol.  M.  p. 
228-229*.  7  he  mixed  melting  point  with  the  azomeihine  obtained  from  the  condensation  of  9-nicthyIacridine 
with  the  nitrosoantipyrine  was  not  depressed. 

SUMMARY 

1.  It  was  established  that  nitrones  are  formed  wlicn  9-meihylacridine  is  reacted  with  p-nitrosotolnerie  and 
p-nitrosophcnol,  wiiilc  the  azomethine  is  obtained  as  the  main  product  when  the  reaction  is  with  d-Qiirosoantl- 
pyrine. 

2.  Excess  nitroso  compound  does  not  affect  the  reaction  result,  and  the  course  of  the  reaction  is  determined 
by  the  properties  of  tlie  starting  nitroso  compound. 

3.  The  azomethinr^s  arc  easily  obtained  by  reacting  the  proper  amines  with  9-acridinecarboxaldehydc, 
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As  a  continuation  of  our  work  on  the  synthesis  and  study  of  the  arylides  of  acylacetic  acids  of  the  hetero¬ 
cyclic  series  [1,  2],  we  synthesized  the  a-  and  3 -thcnoylacctic  esters,  arylides,  and  azomethine  dyes  from  them. 

a-Thcnoylacetic  ester  was  obtained  by  the  ester  condensation  reaction  from  ethyl  thiopheiiecarboxylate 
and  ethyl  acetate  in  tlic  presence  of  sodium  ethylate  as  the  condensing  agent  [3].  3 -Thcnoylacetic  ester  is  not 
reported  in  the  literature.  We  obtained  both  the  a-  and  3 -thcnoylacctic  esters  by  the  acylation  of  the  ethoxy- 
inagnesitim  derivative  of  acctoacetic  ester  with  the  acid  chlorides  of  the  a-  and  3-thiophenecarboxylic  acids, 
followed  by  cleavage  of  the  corresponding  thcnoylacetoacetic  esters  with  alcoholic  ammonia  solution,  em¬ 
ploying  the  procedure  described  for  the  preparation  of  benzoylacetic  ester  [4], 

The  starting  thiophcnccarboxylic  acids  were  obtained  by  reacting  magnesium  with  either  the  2-  or  the  3- 
halothiophene,  followed  by  carboxylation  of  the  obtained  Grignard  reagent  [5,  6],  In  turn,  2-iodothiophene  was 
obtained  by  the  iodination  of  thiophene  in  the  presence  of  mercuric  oxide  [5],  while  3-bromothiophcne  was  pre¬ 
pared  by  the  dehalogenation  of  2,3,5-tribromothioplicnc  employing  the  Steinkopf  method  [7]  as  modified  by 
Gronowitz  [G],  The  a-  and  3-thenoyl  chlorides  were  obtained  by  heating  the  appropriate  thiophcnccarboxylic 
acids  v/ith  a  large  excess  of  thiouyl  chloride  [8,  9]. 

The  arylides  of  the  a-  and  3-thenoylacetic  acids  were  obtained  by  heating  ilie  proper  thenoylacetic  ester 
with  an  aromatic  amine  in  o-xylene.  The  amines  used  by  us  were  aniline,  o-,  m-  and  p-anisidiue,  o-,  m-  and 
p-chloroanilinc,  o-,  m-  and  p-nitroaniline,  and  o-,  m-  and  p-aminobenzoic  acid.  The  obtained  arylides  are 
cither  colorless  or  faintly  yellow  crystals,  soluble  in  alcohol,  acetone  and  dioxane,  and  give  a  green-brown  color 
with  FCCI3  in  aqueous  alcohol  solution.  The  yields  and  properties  of  the  obtained  arylides  are  reported  in  Table  1. 

From  those  data  it  can  be  seen  that  the  introduction  of  either  halogen  or  methoxy  group  in  the  benzene  ring 
of  the  anilides  of  the  a-  and  3-tlicnoylacctic  acids  causes  a  slight  bathochromic  shift  of  the  absorption  maximum. 
Introduction  of  the  uitro  group  causes  a  slight  bathochromic  shift  and  the  appearance  in  the  ca^c  of  the  o-nitro 
derivatives  of  an  additional  absorption  maximum,  shifted  toward  the  short  wavelength  region  of  the  spectrum. 

The  carboxyl  group  causes  a  substantial  bathochromic  effect  in  the  case  of  the  p-carboxy  derivatives  and  the 
appearance  of  three  absorption  maxima  with  approximately  equal  extinctions  in  the  wavelength  limits:  215-220 
m/i,  250-255  w^,  and  290-305  mp  for  the  o-  and  m-carboxy  derivatives.  In  addition,  it  should  be  mentioned 
that  the  p-isomers  of  the  chloro-,  methoxy-  and  carboxyanilides  of  the  a-  and  3 -thcnoylacetic  acids  show  a 
greater  absorption  intensity  than  do  the  corresponding  o-  and  m-isomers.  A  comparison  of  the  ultraviolet  ab¬ 
sorption  spectra  of  the  arylides  of  a-thcnoylacetic  acid  with  those  of  the  corresponding  arylides  of  3-thcnoyl- 
acetic  acid  reveals  that  the  latter  compounds,  as  a  rule,  show  a  lower  intensity  of  absorption;  exceptions  arc  the 
o-  and  rn-chloroanilidcs  and  the  o-carboxyanilidc  of  3 -thcnoylacctic  acid. 
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TABLE  1 


Arylidcs  of  ct-  and  0-Thcnoylacetic  Acids  of  General  i'ornuila 


-cociijCOfjim 


o 

♦-•♦-it-* 

o  t:  o 

Melting 

point 

l-'ound 

E.xpr.  No 

Q  H  Q* 

O.  (A—4l.,| 

.n 

linipirical 

formula 

R 

tj 

’o) 

H 

fi 

Q 

W 

C3 

B 

G 

11 

N 

1 

[ 

82 

126.5° 

2.50 

.30000 

1  [ 

63.53, 

4.51. 

7.71, 

2 

p 

C,1I.  j 

80 

122-123 

250 

26400 

c„ii„o,Nsa  1 

6.3.70 

63.51. 

4.30 

4.42, 

7.80 

7.78. 

)  1 

63.78 

4.50 

7.78 

3 

( 

71 

102.5 

2.55 

9500 

5.5.17, 

.3.71, 

l.O*. 

4 

O-CIC.H.  j 

71 

121-122 

255 

23000 

55.53 

55.48 

.3.60 

3.60 

4.87 

5.19. 

5.19 

5 

1 

SO 

104 

255 

12S00 

.5.5.74, 

.3.20, 

4.85 

6 

p 

m-cic.H.  1 

71 

93.5 

255 

2C000 

C„lI,oO,NSCl^> 

55.67 

.55.67. 

3.44 

3.50, 

4.78, 

55.80 

3.66 

4.95 

7 

( 

81 

138.5 

255 

50000 

5.5.07, 

3.85, 

4.97, 

8 

p 

pcic.ll.  1 

76 

134-135 

255 

36000 

56.14 

5.5.6;i, 

3.82 

3.67, 

4.99 

5.22, 

.55.65 

3.51 

4.99 

9 

a 

1 

50 

76.5-77 

255, 

22000, 

( 

60,78 

4.77, 

5.09, 

ociijoc.n,  1 

290 

18000 

61.02, 

.5.10 

10 

P 

47 

64-65 

255 

6600 

4.54. 

5.09, 

60.78 

4.67 

5.23 

It 

a 

78 

108.5 

255, 

2S000, 

61.01, 

4.72. 

5.04, 

12 

P 

mciijoc.ii, 

64 

71.5 

290 

255 

10600 

7100 

C..II„0,NSC 

61.14 

60.74 

4.71 

4.62 

4.93 

5.05, 

5.27 

13 

SO 

115.5 

255 

40000 

60.81, 

4.7.5, 

5.04. 

14 

p 

p)-cn,oc,H, 

76 

143.5 

255 

12400 

60.81 

60.93, 

4.72 

4.66. 

5.01 

5.07. 

60.06 

4.46 

5.22 

15 

a 

( 

47 

103.5 

235, 

210(H). 

53.06 

.3.42 

9.52. 

IB 

p 

O-NO.C.II.  j 

32 

99-99.5 

260 

21.5, 

18800 

12400, 

53.72, 

3.69, 

0.59 

9.55 

255 

13500 

53.63 

3.64 

17 

a 

( 

82 

139.5 

250 

17200 

.5.3.46 

3.54, 

9.62, 

18 

? 

ni-NO,c.ii.  1 

76 

150.5 

255 

15000 

53.65 

.53.70 

3.63 

3.63, 

9.66 

0.75, 

.53.80 

3.73 

9.96 

10 

a 

( 

71 

174 

220, 

17200, 

54.00 

331, 

! 

26.5, 

13000, 

54.07 

3.49 

p-NO,C,lI.  { 

305 

10200 

20 

p 

1 

1 

76 

175 

2.55, 

16800, 

.53.52 

3.63, 

0.76. 

315 

25000 

53.50 

3.40 

9.84 

a  Calculated 
b  Calculated 
c  Calculated 
d  Calculated 


%:  C  fi.l.nr);  11  AS^2;  N  5.7 1. 

‘Vo:  C  55.81;  II  N  5.01. 

%:  C  1)1.07;  II  ■'i.7l>;  N  5.00. 

%:  C  53.78;  II  3./|5;  N  O.ti.5. 
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TABLE  1  (Continued^ 
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1 
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25 

a 
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26 

P 

68 
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24800 
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4.01, 

4.78. 

.58.21 

3.89 
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A  number  of  azomethinc  dyes  were  obtained  by  reacting  the  arylides  of  the  a-  and  6-thenoylaceiic  acids 
with  dicthyl-p-phenylcucdiaminc  under  oxidative  condensation  conditions  in  the  presence  of  silver  chloride  [10]. 
The  dyes  were  purified  by  chromatographing  on  aluminum  oxide  from  cliloroform  solution  and  then  were  rccrystal- 
lized  from  alcohol.  The  yields  and  properties  of  tlic  obtained  dyes  are  listed  in  Table  2. 

A  comparison  of  the  spectrophotometric  data  for  the  azomethine  dyes  derived  from  the  unsubstituted  anilides 
of  the  a-  and  6 -ihcnoylacetic  acids  with  the  data  for  the  dyes  derived  from  the  chloro,  methoxy-  and  nitro- 
anilides  reveals  that  introduction  of  cither  chlorine  or  methoxy  in  the  m-  or  p-position  of  the  unsubstituted  ben¬ 
zene  ring  of  the  anilide  is  practically  without  effect  on  the  position  of  the  absorption  inaximum,  while  introduction 
of  the  indicated  groups  in  the  o-position  causes  a  slight  hypsochromic  effect.  Introduction  of  the  nitro  group  in 
any  position  causes  some  bathochromic  shift  of  the  absorption  maximum. 

It  should  be  mentioned  that  for  the  azomethine  dyes  derived  from  the  anilides  of  a-thcnoylacetic  acid  the 
shift  of  the  absorption  maximum  toward  the  long  wavclengiii  region  of  the  spectrum  is  somewhat  greater  than  for 
the  azomethinc  dyes  derived  from  the  arylides  of  0 -thenoylacetic  acid;  in  addition,  the  latter  compounds,  as  a 
rule,  show  a  lower  intensity  of  the  absorption.  Exceptions  are  the  dyes  derived  from  the  o-  and  rn -chloro-  and 
the  p-nitro-anilidcs  of  0-thenoylacctic  acid. 

An  SF-4  spectrophotometer  was  used  to  record  the  ultraviolet  absorption  spectra  of  the  aiyliJes  of  the  a- and 
0 -iheuoylacctic  acids  in  alcohol  solution,  at  a  concentration  of  0.5  XlO"*  M.  An  SF-2  spcctrojjhotomctcr  was 
used  to  record  the  spectra  of  the  yellow  azomethinc  dyes  in  alcohol  solution,  at  a  concentratipn  of  0.4X10'‘*  M. 

The  spectrophotometric  determinations  were  made  by  O.  V.  Glazunova,  for  which  the  authors  wish  to  thank 

her. 


EXPERIMENTAL 

0-Thcnoylacctic  ester.  Anhydrous  alcohol  (15  ml)  was  added  to  2.(15  g  of  magnesium  shavings.  The  re¬ 
action  was  started  by  the  addition  of  0.5  ml  of  carbon  tetrachloride.  Absolute  ether  (100  ml)  was  added  in  portions 
when  vigorous  reaction  had  subsided.  The  whole  was  stirred  for  2-3  hr.  The  reaction  mixture  was  then  cooled 
to  5*  and  a  solution  of  13.0  g  of  acctoacctic  ester  in  20  ml  of  absolute  ether  was  added  dropwisc  with  efficient 
stirring.  After  this,  at  4-C*  and  with  efficient  stirring,  a  solution  of  14 .G  g  of  fl-thcnoyl  chloride  in  20  ml  of 
absolute  ether  was  added  dropwisc  in  1  hour.  The  stirring  was  continued  for  anotlicr  hour  and  then  tltc  mixture 
was  allowed  to  stand  overnight.  The  reaction  mass  was  then  treated  with  a  mixture  of  ice  and  dilute  sulfuric 
acid,  followed  by  separation  of  the  ether  layer,  which  was  then  washed  with  water,  dried  over  sodium  sulfate, 
and  the  ether  removed  by  distillation.  Tlic  residue,  being  nearly  pure  0-thcnoylacctoacctic  ester,  was  then 

*  ‘^Calculated  ‘’A:  C  58.10;  H  3.83;  N  4.84. 
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treated  with  b^o  alcoholic  ammonia  solution  at  0*  for  10-12  hr.  At  the  end  of  this  time  a  part  of  the  alcoliol 
was  distilled  off,  while  the  residue  was  treated  with  a  mixture  of  ice  and  dilute  sulfuric  acid,  followed  by  ex¬ 
traction  with  ether,  after  whicli  the  ether  extract  was  washed  with  water,  the  ether  distilled  off,  and  the  residue 
was  fractionated.  Yield  65'7i,  b.  p.  162-175*  at  12  inm;  an  aqueous  alcohe!  ■  •'lution  of  the  compound  gives  a 
crimson  color  with  FcClj. 

a-Thcnoylace.tic  ester.  The  compound  was  obtained  in  the  same  manner  as  the  6-isomcr.  Yield  69®?(>i 
b.  p.  140-143*  at  4  mm;  a  crimson  color  is  obtained  when  an  aqueous  alcohol  solution  of  the  compound  Is  treated 
with  FeCl3. 

o-Chloroanilidc  of  a-thenoylacctic  acid.  A  mixture  of  2.97  g  of  a-thcnoylacetic  ester,  1.9  g  of  o-chloro- 
aniline  and  30  ml  of  o-xylcnc  was  heated  to  145*  and  then,  with  stirring,  20  ml  of  tire  solvent  was  distilled  off, 
after  which  the  mixture  was  cooled  to  90-100*  and  another  8  ml  of  solvent  was  removed  by  vacuum-distillation. 
The' residue  was  wa-^hed  with  etiicr  and  then  rccrystallizcd  from  aqueous  methanol.  Yield  m.  p.  102.5*. 

The  other  arylidcs  of  the  a-  and  3 -thcnoylacetic  acids,  listed  in  Table  1,  were  synthesized  in  a  similar 
manner. 

Azomcthinc  dye  from  o-chloroanilidc  of  ct-thcnoylacctic  acid.  A  solution  of  3.06  g  of  AgN03  in  14  ml 
of  water  was  added  with  stirring  to  a  solution  of  I.IG  g  ol  NaC.I  in  14  ml  of  water.  The  obtained  suspension  of 
AgCl  was  treated  with  a  solution  of  1.4  g  of  Na2C03  in  7  ml  of  water  and  a  solution  of  0.56  g  of  the  o  -chloro- 
anilidc  of  a-thcnoylacetic  acid  in  20  ml  of  methanol.  Then  a  solution  of  0.58  g  of  dicthyl-p-phcnylencdiamine 
sulfate  in  14  ml  of  water  was  added  with  stirring  to  the  reaction  mass  in  10-15  min.  The  stirring  was  continued 
for  1  Itour.  The  precipitate  was  filtered,  dried  at  50-60*,  extracted  with  chloroform,  chromatographed  on  alumin 
um  oxide  from  the  chloroform  solution,  and  recrystallized  from  meilianol.  Yield  38°;^,  m.  p.  148.5*. 

A  number  of  other  azomethine  dyes,  the  properties  of  which  are  given  in  Table  2,  were  synthesized  in  a 
similar  ntanner. 


SUMMARY 

1.  Acylation  of  the  cthoxymagnesium  derivative  of  aceioacetic  ester  with  the  acid  chlorides  of  a-  and 
3-thiophcnecarboxylic  acids,  followed  by  ammonolysis  of  the  obtained  a-  and  3 -thenoylacetoacetic  esters, 
gave  the  a-  and  3 -thenoylacetic  esters. 

2.  The  corresponding  arylides  were  synthesized  by  reacting  the  a-  and  3 -thenoylacetic  esters  with 
aniline,  o-,  m-  and  p-chloroaniline,  o-,  m-  and  p-nitroaniline,  o-,  m-  and  p-anisidine,  and  o-,  m-  and  p-amino 
benzoic  acid,  and  tlieir  properties  were  studied. 

3.  Yellow  azomcthinc  dyes  were  synthesized  by  reacting  the  arylidcs  of  the  a-  and  3 -thenoylacetic  acids 
with  diethyl-p-phcnylcncdiaminc  under  oxidative  condensation  conditions  in  the  presence  of  silver  chloride,  and 
their  properties  were  studied. 
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The  recently  proposed  method  of  obtaining  polymers  by  intcrfacial  polycondensation  [1]  differs  from  previ¬ 
ously  used  polycondensation  methods  not  only  in  the  reaction  conditions  employed,  but  also  in  the  nature  of  the 
starting  compounds.  Thus,  polyamides  of  tlic  type  of  nylon  66  and  capron  arc  respectively  synthesized  from 
diamines  and  dicarboxylic  acids  and  from  caprolactams,  while  polyurcthans  are  obtained  from  diisocyanates 
and  glycols.  For  intcrfacial  polycondensation  to  go  succcssfiilly  in  the  formation  of  polyamides  it  is  necessary 
to  Xk  v-  '  '• 'arboxylic  acid  by  the  acid  chloride,  while  in  the  preparation  of  urethans  the  diisocyanates 

and  giycuu  laced  by  diamines  and  the  chlorocarbonic  esters  of  glycols. 

It  should  be  mentioned  that  diamines  and  the  chlorocarbonic  esters  of  glycols  have  been  proposed  for  the 
synthesis  of  polyurcthans  employing  conventional  polycondensation.  However,  such  syntheses  have  not  found 
wide  acceptance,  possibly  because  of  tlie  insufficiently  high  molecular  weight  of  the  reaction  products. 

Polymers  with  a  iiigli  molecular  weight  are  formed  very  rapidly  and  at  a  comparatively  low  temperature 
when  the  intcrfacial  polycondensation  method  is  employed.  Since  this  method  had  also  been  used  for  the  synthe¬ 
sis  of  polyamides,  the  mechanism  for  the  formation  of  which  we  had  studied  earlier,  we  deemed  it  expedient 
to  determine  whether  our  concepts  regarding  the  format;on  of  a  polyamide  could  be  extended  to  the  process  for 
its  formation  employing  intcrfacial  polycondensation. 

In  investigating  this  polycondensation  method  we  also  examined  the  problem  of  the  influence  exerted  by 
the  structure  of  the  starting  compounds  on  the  reaction.  This  problem  deserves  consideration  for  the  reason 
that,  in  contrast  to  ordinary  polycondensation,  low  yields  of  polymers  arc  observed  with  certain  starting  com¬ 
pounds,  and  the  structure  of  the  monomers  could  be  a  reason  for  such  a  phenomenon. 

Earlier  we  had  indicated  [3]  that  the  mechanism  of  any  reaction  for  the  formation  of  polyamides  can  be 
explained  by  the  B.  A.  Porai -Keshits  scheme  [4],  which  is  based  on  the  ability  of  the  carbonyl  group  of  the 
carboxylic  acid,  due  to  its  polarizability,  to  add  the  nitrogen  of  ammonia  or  amino  group. 

In  the  case  of  intcrfacial  polycondensation  the  carboxylic  acids  are  replaced  by  the  acid  chlorides.  It 
must  be  assumed  that  replacing  the  hydroxyl  group  of  the  carboxyl  by  chlorine  and  the  absence  of  the  possibility 
to  dissociate  greatly  enhances  the  electron -acceptor  activity  of  the  carbon  atom  of  the  acid  chloride.  Only  in 
this  manner  is  it  possible  to  explain  the  successful  progress  of  the  reaction  at  room  temperature,  whereas  high 
temperatures  are  required  for  other  cases  of  amidation.  For  this  reason  the  scheme  of  the  amidation  reaction 
during  intcrfacial  polycondensation  should  not  differ  in  principle  from  the  discussed  schemes  and  may  be  de¬ 
picted  in  the  following  manner. 


In  this  connection  it  should  be  mentioned  that  all  that  has  been  said  before  regarding  polymerization 
Oiydrolytic)and  polycondensation  reactions  in  the  formation  of  polyamide  resins  from  caprolactam  in  the  presence 
of  water  lias  not  lost  its  significance  [5].  It  is  oi'Iy  tjcccssary  to  remember  that  a  similar  separation  of  the  re¬ 
actions  is  accomplished  on  the  basis  of  a  formal  aitcrion  and  that  the  mechanism  of  both  reactions  is  analogous 
[3]. 

From  an  examination  of  various  eases  of  amidation  it  follows  that  the  activity  of  the  functional  groups 
exerts,  as  was  to  be  expected,  a  great  influence  on  the  reaction  rate.  Thus,  in  the  case  of  reacting  phcnylcncdi- 
amines  and  carboxylic  acids,  due  to  the  low  basicity  of  aromatic  amines,  the  reaction  goes  successfully  only  in 
the  presence  of  mineral  acid  [4].  In  the  formation  of  polyamides  by  the  reaction  of  aliphatic  diamines  and  di- 
carboxylic  acids  the  presence  of  mineral  acids,  due  to  the  greater  activity  of  the  functional  groups  of  the  di¬ 
amines,  is  no  longer  needed,  but  a  high  temperature  is  still  required.  In  alkaline  polymerization,  due  to  the 
even  higher  activity  of  the  functional  groups,  a  further  increase  in  the  reaction  rale  is  observed  [3].  Finally, 
in  the  case  of  the  acid  chlorides  of  carboxylic  acids  the  functional  group  is  so  active  that  the  amidation,  as  is 
the  case  in  intcrfacial  polycondensation,  goes  at  room  temperature. 

Consequently,  the  mechanisms  for  the  processes  of  conventional  amidation  and  amidation  at  the  inter¬ 
face  arc  analogous. 

We  had  already  mentioned  that  the  yields  of  polyamide  in  intcrfacial  polycondensation  arc  low  in  some 
eases.  In  investigating  the  reasons  for  this  phenomenon  we  found  that  the  yield  of  the  polymer  increases  with 
increase  in  the  number  of  carbon  atoms  in  the  acid  chloride  or  if  one  of  the  linear  components  is  replaced  by 
a  cyclic  compound. 

When  an  acid  chloride  with  a  large  number  of  carbon  atoms  is  used,  for  example  sebacoyl  chloride,  not 
only  the  yield,  but  also  the  viscosity  of  the  polymer  is  increased. 

Further  investigation  of  the  process  for  the  reaction  of  linear  components  revealed  that  in  this  ease  a  cyclic 
compound  is  formed  along  with  the  polymer. 

oc — n — CO 
I  I 

iiN-n, —  Nil 

Similar  to  the  cyclic  dimer  and  trimer  of  caprolactam  [6],  this  cyclic  compound  has  a  high  melting  point. 
As  a  result,  it  is  obvious  that  one  of  the  reasons  for  low  yields  of  -  the  polymer  in  the  intcrfacial  condensation  of 
linear  monomers  is  because  the  reaction  goes  in  two  dircctions-with  the  formation  of  linear  polymers  and  of 
low-molecular  cyclic  compounds. 

As  was  indicated  above,  using  sebacoyl  chloride  in  the  reaction  makes  it  possible  to  obtain  quite  high 
yields  of  the  polymer  even  with  a  linear  diamine. 

The  cyclic  diamide  is  readily  soluble  in  alcohol,  and  difficultly  soluble  in  acetone  and  in  ether. 

To  obtain  larger  amounts  of  the  cyclic  compounds  we  reacted  adipoyl  chloride  and  hcxamcthylcncdiaminc 
by  the  technique  of  mixing  their  benzene  solutions,  i.  c. ,  not  at  the  interface  of  two  phases.  In  order  that 
neutralization  of  the  licxamethylcncdiaminc  by  the  liberated  hydrogen  chloride  did  not  cause  a  decrease  in  the 
yield  of  cyclic  compound,  the  amount  of  licxamethylcncdiaminc  in  the  solution  was  taken  in  a  molar  ratio 
twice  that  of  the  adipoyl  chloride.  Despite  this,  the  benzene-insoluble  reaction  product  was  found  to  contain, 
besides  polymer  and  cyclic  compound,  a  substantial  amount  of  hcxamcthylcncdiaminc,  which  had  failed  to  re¬ 
act  either  with  the  adipoyl  chloride  or  with  the  hydrogen  chloride.  Evidently,  the  described  conditions  arc  not 
favorable  for  complete  reaction  of  the  components. 
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Benzene  solutions  of  adipoyl  clilorklc  and  hexainctliy lenediainine,  taken  in  a  molar  ratio  of  1  :  2,  were  mixed 
and  the  obtained  precipitate  was  filtered  and  waslied  witli  benzene  until  all  of  the  hcxaincthylenediamine  had 
been  removed.  Then  tlic  precipitate  was  digested  with  alcohol  and  the  alcohol  extract  was  diluted  with  etlier. 
Here  a  copious  precipitate  of  hexamctliylcnediaminc  hydrochloride  deposited,  which  was  filtered.  The  alcohol- 
ether  mixture  was  evaporated.  Tlie  obtained  crystalline  precipitate  proved  to  be  insoluble  in  ether,  and  dif¬ 
ficultly  soluble  in  acetone.  It  was  readily  soluble  in  alcohol  and  in  alcohol-ether  mixture,  l-mploying  known 
titration  methods  [7],  the  presence  of  functional  groups  in  the  crystalline  precipitate  could  not  be  detected. 

The  product  darkened  at  210°  and  melted  at  239  —240°. 

Found ‘7o:  C  G3.  74;  H  9.  99;  N  12. 59.  M  230.  CizHzzOiN'a.  Calculated ‘'/a;  C  63.  71;  II  9.  73;  N  12.38. 

M  226. 

A  compound  with  similar  properties  and  a  similar  composition  was  also  isolated  from  the  alkaline  aqueous 
solution  after  removal  of  the  polymer,  obtained  by  the  technique  of  interfacial  polycondensation,  from  it  by 
filuation, 

SUMMARY 

1.  The  process  of  polycondens^ition  ar  the  interface  of  two  immiscible  liquids  represents  a  reaction  the 
mechanism  of  which  is  analogous  to  the  me-'lianism  of  the  conventional  amidation  reaction. 

2.  The  structure  of  the  starting  components  exerts  a  large  influence  on  the  yield  of  the  polyamide  ob¬ 
tained  by  the  technique  of  intcrfacial  polycondensation. 
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NliW  SYNTHnSIS  OF  5,  G-DIMKTHYLBENZIMIDAZOLE 
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Original  article  submitted  December  28,  1959 


5, 6-Dimethylbenzimidazole  is  a  structural  element  of  the  vitamin  3^2  molecule.  The  presence  of  5,6- 
dimethylbcnzimidazole  in  the  culture  medium  of  propionic  acid  microorganisms  facilitates  the  directed  bio¬ 
synthesis  of  vitamin  Di2  and  increases  its  yield. 


Several  methods  are  kno\s’n  for  the  synthesis  of  5,  6-dimethylbenzimidazolc,  which  suffer  from  the  dis¬ 
advantage  that  isomeric  compounds  are  obtained  as  by-products  in  the  intermediate  stages  of  the  synthesis.  One 
of  the  methods  for  obtaining  5,  G-dimeihylbenzimidazole  starts  with  3,  4-xylidine,  which  is  nitrated  [1]  to  5- 
nitro-l-amino-o-xylene  using  a  mixture  of  nitric  and  sulfuric  acids  at  -15°.  Here  a  mixture  of  still  two  other 
isonuaii:  ■!  atives  of  the  xylidinc  is  formed  along  with  the  5-nitro-4-amino-o-xylcne,  which  is  obtained  in 
39’/»  yiclii.  ;  5-nitro-4-amino-o-xylcnc  is  reduced  [2,  3]  either  with  tin  in  coned,  hydrochloric  acid  or 
with  zinc  dust  :;i  water  to  4, 5-diamino-o-xylenc,  which  is  then  condensed  with  formarnide  or  with  formic  acid 
in  the  presence  of  hydrochloric  acid  to  5, 6-dimcthylbenzimidazole  [4,  5]. 


We  developed  a  new  synthesis  of  5, 6-dimethylbenzimidazolc  (V)  from  3,4-xylidinc  (I),  which  consisted 
in  the  conversion  of  (I)  to  diazoamino-3, 4-dimethylbenzenc  (II),  and  the  latter  was  rearranged  to  3,  d-dimetliyl- 
G-fG*,  4’-dimcthylphcnylazo)-aminobenzcne  (III).  The  o-aminoazo  dye  (III)  was  reduced  to  4, 5-diamino-o- 
xylcne  (IV),  which  was  then  condensed  with  formic  acid  to  give  5, 6-dimethylbcnzimidazoIc  (V)  in  an  over-all 
yield  of 


/Nil,  <^”>\^>./Nii-N=N-(^^^-cii, 


I  1  ->  Ij 


\r- 


ClI, 


CIl, 


(1) 

Ml, 


(11) 


cu. 


/\/\ 


N  =  N-;^^]~^-Cn, 
(HI)  '^CII, 


I II 


cir/  ''  'Nil, 
(IV) 


H 


CIIj'^'^^N 


(V) 


The  structure  of  the  3, 4-dimethyl-G-(3’,  4'-dimcthylphenylazo)-aminobenzenc  (III)  was  shown  by  its 
cleavage  by  catalytic  hydrogenation  to  3, 4-xylidine  (1)  and  4,  5-diamino-o-xylene,  identical  with  the  substance 
obtained  by  direct  synthesis  from  3,  4-xylidi.ie  (I)  through  its  acetyl  derivative  (VI),  which  was  converted  to  5- 
nitro-4-acetamido-o-xylcne  (VII)  and  then  o  the  known  G-nitro-3,  4-xylidinc  (VIII).  2-Nitro-3, 4-xylidine 
(IX)  was  isolated  as  a  by-product  in  this  synthesis. 
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NO, 
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LcilY^^  ClIjJ 


CII,'' '^^NO, 
(VIII) 

NO, 

cUnJ^^n". 


CII, 


/\/  (IX) 


The  conditions  used  to  nitrate  the  acetylxylidine  (VI)  were  such  as  to  shift  the  direction  of  the  reaction 
toward  tlie  formation  of  the  desired  isomer  (VII). 


EXPERIMENTAL 

Diazoamino-3, 4-dimethylbcn^cnc  (II).  a)  A  solution  of  10  g  of  3, 4-xylidinc  in  a  mixture  of  20  ml  of 
coned,  hydrochloric  acid  and  14  ml  of  water  was  cooled  to  2%  after  which  10  g  of  ice  was  added,  and  then  a 
solution  of  2.  9  g  of  sodium  nitrite  in  4  ml  of  water  (3-5*).  After  this,  GO  ml  of  2S^!o  sodium  acetate  solution 
was  added  to  the  reaction  mixture  and  the  whole  was  allowed  to  stand  at  15—20*  for  2  lir.  The  obtained  yellow 
precipitate  was  filtered  and  repeatedly  washed  with  water.  We  obtained  9.55  g  (Ol'y^)  of  diazoamino-3, 4- 
dimcthylbcnzcnc  as  yellow  prisms  with  m.  p.  141-142*  (witli  dccompn. )  (from  alcoliol).  The  substance  has  an 
absorption  maximum  in  the  ultraviolet  region  at  360  mp  €2.22  xlO'*  (in  alcohol). 

Found  ^o:  C  75.80,  75.63;  H  7.77,  7.83;  N  16.74,  16.54.  C1GH19N3.  Calculated  C  75.85;  H  7.56; 

N  16.58. 

b)  A  solution  of  5  g  of  3, 4-xylidine  in  a  mixture  of  15  ml  of  coned,  hydrochloric  acid  and  15  ml  of  water 
was  poured  over  25  g  of  ice  and  then  diazotized  with  a  solution  of  2.85  g  of  sodium  nitrite  in  7  ml  of  water. 

Then  the  diazonium  salt  solution  was  added  to  a  solution  of  5  g  of  3, 4-xylidine  in  a  mixture  of  10  ml  of  coned, 
hydrochloric  acid  and  GO  ml  of  water,  followed  by  the  addition  of  60  ml  of  2870  sodium  acetate  solution.  The 
reaction  mixture  was  kept  for  2  lir  at  15—20*,  after  which  the  obtained  yellow  precipitate  was  filtered  and  washed 
with  water.  We  obtained  9.  7  g  (92.97o)  of  diazoaniino-3,  4-dimcthylbenzene  with  m.  p.  141-142*  (with  dc¬ 
compn.  )  (from  alcohol). 

3, 4-Dirnethyl-6-(3',  4'-dimcthylphcnylazo)-aniinobcnzcnc  (III).  A  mixture  of  10  g  of  diazoamino-3, 4- 
dimcthylbenzcne  (II),  30  g  of  3, 4-xylidinc  and  4  g  of  3, 4-xylidinc  hydrochloride  was  stirred  at  35*  fer  3.5  lir. 
Here  the  reaction  mass,  initially  having  the  appearance  of  a  melt,  began  to  deposit  an  orange  precipitate  of 
the  o-aminoazo  dye  (III).  Then  the  reaction  mass  was  stirred  for  5  hr  at  40-45*  and  for  5  Itr  at  45—50°;  the 
precipitate  was  filtered  (at  30°)  and  washed  twice  with  5  ml  portions  of  alcohol.  We  obtained  6.8  g  (687>)  of 
3,4-dimcthyl-6-(3’,4’-diincthylphenylazo)-aminobenzcne  as  yellow  plates  with  m.  p.  185  —  186*  (from  alcohol). 
From  [6]:  m.  p.  179°.  The  absorption  spectrum  of  the  substance  exhibits  the  maxima:  327  (  c  1.82  x 

XlO'*)  and  436  mp  (e  0.98  x  10^ 

Found  7o:  C  75.63,  75.  96;  11  7.36,  7.32;  N  16.39,  16.40.  C1CH19N3.  Calculated  C  75. 85;  H  7. 56; 

N  16.58. 

4,  5-Diamino-o-xylcnc  (IV)  from  o-aminoazo  dye  (III).  A  solution  of  10  g  of  3, 4-dimcthyl-G-(3',  4'- 
dimcthylphcnylazo)-aminobenzcne  (111)  in  50  ml  of  alcohol  was  hydrogenated  in  the  presence  of  8  g  of  skeletal 
nickel  catalyst  for  3  hr  at  60—70°  and  a  pressure  of  50  atm.  Then  the  catalyst  was  filtered,  the  solvent  removed 
by  distillation,  the  3, 4-xylidinc  (3.1  g  with  m.  p.  47°)  removed  by  steam  distillation,  and  the  residual  aqueous 
solution  was  filtered  hot.  The  filtrate  on  cooling  deposited  a  precipitate,  which  w'as  filtered.  Wc  obtained 
4.2  g  (78.57-1)  4, 5-diamino-o-xylcnc  with  m.  p.  126-127*.  The  mixed  melting  point  with  the  substance 

obtained  from  5-nitro-4-amino-o-xylcnc  was  not  depressed. 

Found  7o:  C  70. 46,  70. 47;  11  8. 66,  8. 60;  N  20. 6,  20.  90.  C8II12N2.  Calculated  7o:  C  70.55;  11  8.88; 

N  20.57. 

5, 6-Dimcthylbcnzi midazole  (V).  A  mixture  of  36  g  of  4, 5-diamino-o-xylcnc  (IV),  72  ml  of  formic 
acid,  180  ml  of  water  and  90  ml  of  hydrochloric  acid  (d  1.19)  was  heated  under  reflux  (temperature  about  130°) 
for  2  hr.  On  conclusion  of  reaction  the  mixture  was  heated  with  2  g  of  decolorizing  carbon  and  then  filtered. 
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On  starnliny  in  the  cold  the  reaction  mixture  deposited  tlie  crystalline  Itydrochloridc  of  5, G-dimethylbenxiinida- 
zole,  which  was  filtered,  v/ashed  with  water,  and  dried.  V/e  obtained  g  (71. 4'’/^)  of  substance  as  colorless 
needles  (do  not  melt  at  O'^O").  'I’lie  substance  was  dissolved  in  120  ml  of  water  v/ith  gentle  warming  and  then  the 
5,  n-dimeiliyU)en/aimda/Cole  was  precipitated  from  the  solution  by  the  addition  of  about  20  ml  of  ammonia  (until 
the  odor  of  ammonia  persisted).  We  obtained  about  2G.8  g  of  5, 6-dimethylbenzimidazole  as  colorless  or  slight¬ 
ly  colored  needle  crystals  with  m.  p.  204-205*. 

Found ‘7o:  C  73.  97,  74. 13;  H  G.  89,  G.  90.  CoHioNj.  Calculated '’/o;  C  73. 97;  11  6. 85. 

The  acid  mother  liquor  after  isolation  of  the  5,  G-dimethylbenzimidazole  hydrochloride  was  treated  with 
ammonia  solution  until  neutral  to  Congo,  and  tlien  ammonia  solution  was  added  in  drops  to  precipitate  tlte  floc- 
culent  impurities,  which  were  filtered.  Then  the  5, G-dimethylbenzimidazole  was  precipitated  by  the  further 
addition  of  amnu  nia.  We  obtained  a  total  of  32.7  g  (84.8‘’/o)  of  the  compound.  5, 6-Dimcthylbcnzimidazole 
can  be  recrystallized  from  boiling  water,  using  the  aqueous  mother  liquor  to  dissolve  the  starting  product  a 
second  time. 

If  the  substance  has  a  low  melting  point  it  can  be  purified  by  dissolving  in  10<7o hydrochloric  acid  and 
subsequent  precipitation  with  either  ammonia  or  sodium  hydroxide  solution. 

This  procedure  was  used  to  obtain  5, 6-dimethylbenzimidazole  (m.'  p.  204-205®)  from  the  4, 5-diamino- 
o-xylcne  synthesized  from  5-nitro-4-amino-o-xylene. 

5-Nitro-4-acctamido-o-xylenc  (VII).  Acetic  anhydride  (45  ml)  was  added  to  50  g  of  3, 4-xylidine;  the 
reaction  was  accompanied  by  self-heating  up  to  100—120®.  The  mixture  was  heated  witli  periodic  stirring  at 
100-120®  for  1  hour,  after  which  40  ml  of  98^/o  acetic  acid  was  added  and  the  mixture  cooled  to  10-20*. 

■  '  'hove  prepared  solution  of  4-acetamido-o-xylene  (VI)  in  acetic  acid  was  added  in  1  hour  to  a  nitration 
m...;  !  of  45  nil  of  bl'^3  nitric  acid  and  45  ml  of  sulfuric  acid  (d  1.83),  cooled  to  10®.  During  the 

nitration  .erature  of  the  reaction  mass  was  kept  at  10—18®  by  external  cooling.  On  conclusion  of  re¬ 

action  the  mixture  was  kept  at  the  same  temperature  for  1  hour,  at  the  end  near  30*.  Then  250  ml  of  water 
was  added  to  the  reaction  mass  with  stirring.  Usually  a  yellow  precipitate  of  tlie  5-nitro-4-acctamido-o- 
xylene  deposited  immediately  when  about  50  ml  of  the  water  had  been  added;  in  such  case  the  water  addition 
was  stopped  for  several  minutes  (to  form  coarser  crystals),  after  which  the  rest  of  the  water  was  added  and  then 
tlie  precipitate  was  stirred  witli  the  liquid  for  30-40  min.  On  obtaining  a  homogeneous  mass  the  precipitate 
was  filtered,  washed  well  tvith  water  (200-300  ml),  pressed,  and  dried.  We  obtained  58.4  g  (GS.O^/a)  of  5- 
nitro-4-acctamido-o-xylcne  (Vll)  as  yellow  needle  cry'stals  with  m.  p.  97-100*.  After  recrystallization  from 
alcohol,  m.  p.  lOG-107®.  From  [1]:  m.  p.  lOG— 107*. 

On  long  standing,  the  aqueous  mother  liquor  from  the  isolation  of  the  5-nitro-4-acetamido-o-xylenc 
deposited  5.7  g  (G.77f>)  of  oily  nitration  products,  which  proved  to  be  soluble  in  alcohol.  From  this  oily  product 
after  dcacctylation  and  dilution  with  water  we  obtained  0.8  g  of  3-nitro-4-amino-o-xylcne  (IX)  as  orange- 
red  crystals  with  m.  p.  65 -GG®  (from  aqueous  alcohol,  1  :  1).  From  [1]:  m.  p.  G5-GG*. 

5-Nitro-4-amino-o-xylenc  (VIII).  A  mixture  of  175  ml  of  hydrochloric  acid  (d  1.19)  and  70  g  of  5- 
nitro-4-acctamido-o-xylcnc  (Vll)  was  heated  on  the  water  bath  for  2  lir,  after  which  it  was  cooled  and  diluted 
with  3  volumes  of  water  with  stirring.  The  obtained  precipitate  of  5-nitro-4-amino-o-xylene  was  filtered, 
washed  well  with  water,  pressed,  and  dried.  We  obtained  -13.9  g  (73.5'v'o)  of  5-nitro-4-amino-o-xylene  as 
orange-red  crystals  with  m.  p.  136-138*. 

4,  5-Diamino-o-xylenc  (IV)  from  nitroxylidine  (VIII).  A  suspension  of  60  g  of  5-nitro-4-amino-o-xylene 
(V'lII)  in  540  ml  of  85  — OGv  alcoliol  was  hydrogenated  in  the  presence  of  24  g  of  skeletal  nickel  catalyst  for  2 
hr  at  40-45“  and  a  pressure  of  GO-35  atm.  At  the  end  of  reaction  the  solution  was  heated  to  G0-70*and  the 
catalyst  was  removed  by  filrration. 

The  filtrate  on  cooling  deposited  4, 5-diamino-o-xylcne;  the  product  was  filtered,  pressed  well,  washed 
with  alcohol,  and  dried.  The  solvent  was  distilled  (in  vacuo)  from  the  mother  liquor,  and  additional  compound 
\.’as  isolated  from  the  residue.  We  obtained  41.8  g  (85.  P/o)  of  4, 5-diamino-o-xylcne  as  dark  plates  with  a 
mother-of-pearl  luster,  and  having  m.  p.  126  —  127*. 
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SUMMARY 


5, C-Dlmcthylbcnzimidazolc  was  synthesized  in  good  yield  by  a  new  technique  from  3, 4-xylidinc,  tlirough 
the  Intermediates  3,4-dimethyl-6-(3*,4*“dimefhy]phcnylazo)-aminobcnzene  and  4, 5-dlamino-o-xyIcnc, 
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In  the  previous  paper  [1]  it  was  shown  that  aryl  sulfonates,  containing  either  the  2-nitTO-  or  the  2,4- 
ditiirro-  >  Mig  in  the  phenol  portion  of  the  ester  exliibit  arylating  properties  wlieii  reacted  with  aromatic 
am  1  per  we  investigated  the  reaction  of  2,  4-dinitrophenyl  benzencsulfonate  witlt  the  aliphatic 

am  :.cs--met‘ii , iine,  dimcthylamine,  ethylatnine,  diethylaminc,  iscpropylaminc,  buiylamine,  benzyl- 
amine,  benzylamine,  and  piperidine. 

A  conij^arison  of  the  experimental  data  reveals  tliat  when  2, 4-dinitrophenyl  benzcnesulfonate  is  reacted 
with  aliphatic  amines  the  main  direction  of  the  reaction  is  aryl-oxygen  fission,  while  the  meclianism  of  the 
arylation  can  be  depicted  by  the  following  scheme: 

0 

f 

J  n-fitm 

It  should  he  mentioned  tiiat  in  our  investigations  it  was  tlie  aryl  sulfonates  capable  of  being  hydrolyzed 
by  water  that  exhibited  arylating  properties  [2];  for  this  reason  it  seemed  to  us  that  arylation  and  neutral  hydro¬ 
lysis  in  the  case  of  the  diniiro  derivatives  of  aryl  sulfonates  both  proceed  by  the  aryl-oxygen  mechanism.  How¬ 
ever,  a  study  of  the  mechanism  of  the  neutral  and  alkaline  hydrolysis  of  dinitrophenyl  benzenesulfonates  with 
water  containing  heavy  oxygen  revealed  that  in  both  cases  tb.c  hydrolysis  is  accomplished  by  the  acyl-oxygen 
mechanism  [3], 

As  a  result,  if  in  the  case  of  alkyl  sulfonates  both  alkylation  and  hydrolysis  proceed  by  the  alkyl-oxygen 
mechanism  [4-8],  then  in  the  case  of  aryl  sulfonates  the  arylation  and  hydrolysis  are  accompanied  by  a  rup¬ 
ture  of  different  reaction  linkages  (the  aryl-oxygen  linkage  in  the  case  of  arylation,  and  the  aeyl-oxygcn  bond 
in  the  case  of  hydrolysis). 

The  intermediate  stages  of  both  processes  are  also  different.  If  hydrolysis  of  the  dinitro  derivatives  of 
aryl  sulfonates  is  accomplished  as  the  result  of  nucleophilic  attack  of  the  OH  ion  on  the  sulfur  atom  [3],  then 
m  the  reaction  of  dinitro  derivatives  of  aryl  snlfotiates  with  amines  the  formation  of  intermediate  quinoid 
forms  apparently  precedes  rupture  of  the  aryl-oxygen  bond.  The  transetherification  reactions  of  dinitrophenol 
c  .iers,  for  which  the  intermediate  formation  of  quinoid  forms  has  been  shown  [9],  can  serve  as  indirect  evidence 
of  this. 

We  were  unable  to  isolate  the  intermediate  compounds,  but  it  is  highly  probable  that  if  strongly  activated 
compounds  form  intermediate  complexes  in  substitution  reactions,  which  can  be  isolated,  then  less  activated 
(.ompounds  should  also  form  similar  compounds,  but  not  sufficiently  stable  to  permit  their  isolation. 


- -  Celf^SO^OH  +  (NOj  CgHjNIfR  . 
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EXPERIMENTAL 


The  rcnclion  of  aryl  sulfonates  with  amines  was  run  in  DO^yo  alcohol.  Because  of  the  great  volatility  of 
nicthylaininc,  climcthylaminc  and  cthylaminc  we  used  their  salts.  The  dry  alkali  w'as  sifted  into  a  Wurts  flask, 
and  then  a  saturated  water  solution  of  the  amine  hydrochloride  was  added  from  a  dropping  funnel  in  drops. 

Gaseous  ammonia  was  passed  for  20  min  into  a  BOTo  alcoliol -water  solution  containing  the  dinitrophenyl  benecnc- 
sulfonatc.  The  reaction  flask  was  cooled  to  0*.  At  the  end  of  reaction  the  temperature  was  gradually  raised 
to  room  temperature  and  kept  at  this  temperature  for  another  30  min.  In  the  ease  of  dicthylaminc  and  iso- 
propylamine  the  synthesis  was  accomplished  by  heating  the  indicated  amines  with  the  alcohol —water  solutic 
of  the  ester  in  an  ampul  at  70*  for  1  hour.  The  amine  and  ester  were  taken  in  a  2  :  1  ratio.  Reaction  with 
butylamine  and  with  benzylamine  was  run  in  aqueous  alcohol  medium  in  a  flask  fitted  with  a  reflux  condenser, 
with  heating  for  30  min  at  70*.  On  conclusion  of  reaction  the  alcohol  was  distilled  off;  at  times  a  precipitate 
deposited,  but  more  frequently  an  oil  remained,  which  gave  a  precipitate  when  washed  with  dilute  MCI  so¬ 
lution.  Depending  on  the  place  of  bond  rupture  in  the  aryl  sulfonates,  the  formation  of  the  following  reaction 
products  could  be  expected:  C6II5SO2NIIR  (1)  and  €0113  (NOjljOll  (II)  in  the  ease  of  acyl-oxygcn  fission,  and 
(N02)2C6ll3NIIK  (Ill)  and  Cg!15S020II’ RNII2  (IV)  in  the  case  of  the  aryl-oxygen  mechanism.  The  obtained  pre¬ 
cipitate  was  washed  with  water.  Compounds  (l-IIl)  could  be  on  the  filter,  while  the  amine  salt  remained  in  the 
water  solution,  from  which  it  was  isolated  by  evaporation  of  the  latter.  The  precipitate  on  the  filter  was  heated 
with  dilute  NaOH  solution,  where  substance  (II),  and  at  times  also  (1),  went  into  solution,  while  the  alkylaryl- 
amines  remained  on  tiie  filter.  Tlie  aqueous  alkaline  solution  was  shaken  with  ether  to  extract  any  alkylaryl- 
aminc  that  might  have  gone  into  solution  during  the  heating.  The  ether  was  evaporated,  and  the  precipitates 
were  combined  and  then  rccr)'stallizcd  from  alcohol  to  give  the  alkylarylamincs  as  yellow  products.  The  aque¬ 
ous  alkaline  solution  after  ether  extraction  was  acidified  and  again  extracted  with  ether.  The  ether  v/as  distilled 
off,  and  the  precipitates  were  combined.  Compounds  (I)  and  (II)  were  separated  by  heating  liic  mixture  witli 
water,  where  (1)  hardly  dissolved,  while  (II)  went  into  solution  and  deposited  again  on  cooling. 

The  synthesis  of  2,  4-dinitro-N,  N-dimcthylaniline  is  presented  as  an  example.  A  solution  of  1.62  g  of 
2,4-dinitrophcnyl  benzcnesulfonate  in  25  ml  of  BO^oalcoliol  was  cooled  in  ice  and  then  a  steady  stream  of 
gaseous  dimethylaminc  was  passed  into  it.  The  order  of  running  the  experiment  and  isolation  of  the  reaction 
products  was  analogous  to  that  described  above.  After  recrystallization  from  alcohol  we  obtained  0. 6  g  (57^o) 
of  yellow  crystals  of  2,  d-dinitro-N,  N-dimcthylanihnc,  v/hilc  from  the  aqucoi:  solution  we  obtained  0.636  g 
(63%)  of  the  dimcthylamine  salt  af  bcnzcnesulfonic  acid.  We  isolated  0.303  g  (33^o)  of  2, 4-dinilrophcnol  from 
the  aqueous  alkaline  solution.  Recrystallization  from  alcohol  gave  us  0.138  g  (157o)  of  N,  N  -dimcthylbcnzene- 
sulfonamidc.  Subsequently  we  isolated  only  the  alkylarylamincs  and  the  dinitrophenol,  and  judged  the  direction 
of  the  reaction  from  their  yield.  The  results  of  the  experiments  are  given  in  the  Table. 

Reaction  of  2, 4-Dinitrophcnyl  Benzcnesulfonate  With  Aliphatic 

Am  incs 


Reagent 

Reaction  product  1 

Yield  (in  °Io) 

Melting 

point 

ClIiNHj 

RNlir.Ilj 

10 

171 -173® 

(ClinloMl 

llNtCil^t., 

■  57 

}sfi_«7 

CzlI-.NIIy 

HN  II C.lfj 

2.5 

113-114 

((:2lie.)oN!l  ♦ 

nN(f:oiu,)2 

60 

78 —SO 

C.sll,nNII 

11 NC,  11,0 

55 

91-92 

((:il..)XIINllo* 

n.Miciiicii^v^ 

70 

91-95 

C4lI.,NIl2 

iiMir4iio 

70 

89-90 

CJIr,CI|.,Nll2 

iiNii(;ii2(':ciio 

90 

115-116 

*  Synthesis  carried  out  in  ampuls. 


The  results  of  the  experiments  show  that  the  yields  of  the  alkylarylamincs  arc  much  lower  titan  of  the 
diarylamincs  [1],  which  is  probably  due  to  the  greater  volatility  of  nlipltaiic  amines.  Wiicn  the  reaction  is  run 
in  ampuls  the  yield  in  the  case  of  the  dinitrodicthylaniline  reaches  OO^o  insread  of  47<^o,  while  in  the  case  of 
benzylamine  it  reaches  90'7o.  In  the  ease  of  butylamine,  running  the  reaction  at  room  temperature  for  5  hr  causes 
the  yield  to  increase  to  90^3. 
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SUMMARY 


1.  A  study  was  made  of  the  reaction  of  2, 4-dinitroplte.nyl.bcnzcnesalfonate  v/ith  the  aliphatic  amincs- 
methylaminc,  cthylaminc,' dietliylaminc,  isopropylamine,  benzylaminj;,  bntylamine,  and  piperidine.  Iiv  all 
cases  we  v/erc  able  to  isolate  the  corresponding  alkylarylamines;  depending  on  the  nature  of  the  starting  amine, 
their  yield  ranged  from  10  to  90^o. 

2.  Ti  can  be  considered  established  that  the  reaction  of  2, 4-dinitrophcnyl  benzcnesulfonatc  with  both 
alipliatic  and  aromatic  amines  is  accomplished  by  the  aryl-oxygen  mechanism. 
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REACTIONS  OF  ESTERS  OF  AROMATIC  SULFONIC  /CIDS 
X.  REACTION  OF  UINITRO-SUDSTITUTED  ARYL  SULFONATES 
WITH  ANILINE  AND  OTHER  NUCLEOPHILIC  REAGENTS 

R.  V.  Vizgcrt 
L'vov  Polytechnic  Institute 

Transl.itcd  from  Zluirnal  Obshchei  Kliimii  Vol  30,  No.  10, 

pp.  3440-34-44,  October,  1960 

Original  article  submitted  November  9,  1959 


A  study  of  the  mechanism  of  the  hydrolysis  of  aryl  sulfonates  employing  kinetic  and  isotopic  methods 
reliably  indicates  that  bond  fission  takes  place  between  the  acyl  radical  and  oxygen  [1“4].  It  could  be  ex¬ 
pected  that  also  in  ether  nucleophilic  substitution  reactions  the  dinitro-substituted  aryl  sulfonates  should  react 
by  the  acyl-oxygen  mechanism  (similar  to  the  situation  tlfat  prevails  in  th.c  case  of  alkyl  sulfonates).  However, 
diaryl-  and  arylalkylamincs  were  obtained  when  dinitro-substituted  aryl  sulfonates  were  reacted  with  aromatic 
and  aliphatic  amines,  which  indicated  that  these  reactions  went  by  the  aryl-oxygen  mechanism  [5]. 

In  order  to  elucidate  the  mechanism  of  the  arylation  reaction,  and  also  because  of  the  importance  of  the 
practical  utilization  of  the  arylating  properties  of  aryl  sulfonates,  it  v/as  interesting  to  ascertain  the  influence  of 
the  structural  traits  of  aryl  sulfonates  on  the  yield  of  arylation  products  and  the  effect  of  the  natinc  of  the  nu¬ 
cleophilic  reagent  on  the  fission  of  the  acyl-oxygcn  or  the  aryl-oxygen  bond. 

Fer  this  we  investigated  the  reaction  of  the  dinitro-  and  nitro-substituted  phenyl  benzcncsulfonatcs  with 
aniline,  and  also  the  reaction  of  2, 4-dinitrophcnyl  bcnzcncsulfonate  with  various  nucleophilic  reagents,  and 
specifically,  with  hydrogen  sulfide,  potassium  hydrosulfidc,  stxlium  sulfide,  hydrazine,  phenylliydrazine, 
sodium  thiophcnolatc,  sodium  p-nitrothiophcnolatc,  and  sodium  phcnolaic. 

Analysis  of  the  experimental  data  presented  in  Table  1  indicates  that  an  important  difference  exists  in 
the  influence  exerted  by  the  nature  and  position  of  substituents  in  the  benzcncsulfonic  acid  and  in  the  phenol  on 
the  arylating  properties  of  aryl  sulfonates. 

If  the  introduction  of  the  chlorine  atom  in  the  p-position  of  the  benzcncsulfonic  acid  or  of  methyl  groups 
in  the  o-  and  p-positions  fails  to  affect  the  yield  of  arylation  products,  then  an  imperative  condition  for  fission 
of  the  ar)'l-oxygcn  boi>d  is  the  presence  in  the  phenol  of  nitro  groups  in  the  o-  or  the  o-,  p-positions  to  the 
carbon  atom  attached  to  the  ether  oxygen.  The  absence  of  a  stcric  effect  by  o-substituents  indicates  that  the 
attacking  reagent  appraaches  perpendicularly  to  the  plane  of  the  ring,  and  for  this  reason  substitution  in  the 
aromatic  series  is  quite  insensitive  to  the  size  of  the  cubstituent  in  the  o-position. 

A  comparison  of  the  results  obtained  by  us  with  the  data  existing  in  the  literature  [G— 9]  makes  it  possible 
to  express,  with  a  high  degree  of  probability,  the  theory  that  also  in  our  experiments  the  arylation  reaction 
proceeds  via  the  intermediate  formation  of  quinoid  forms  in  accordance  with  the  scheme; 

N02-<  >-OSO,Ccn5-l-CoHr.Nll2  -h- 

\ - ,/  \“,/\nCcII5 

N02  N02  ,1 

(N02)2CcH3NllCcll5  -l-  C0M5SO2OII 
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TAHLH  1 


Reaction  of  Diniiropiicnyl  Bcnzcncsnlfonatcs  Witli  Aiiilinc 


Reagent 

Reaction  products,  R-QII5 

Yield 

(in 

^.lelting 

point 

C:nlI-.Sf>-''h:nlU(N’02).-2.4 

n.\iif:,jii.(N02V,-2.'i 

90 

155-150® 

HNI1(;„113(N'().2)2-2.B 

80 

105-100 

HNlli;,;ll;,(N0.2h-2.r) 

20 

83-90 

I^ed  oil 

— 

— 

4-(:if:,;ii,so,()r:|.ii 

n.NIIC,jll.v2N02-'lCl 

Traces 

50-61 

No  reaction 

— 

— 

4-(:ifV,lI,S().,Or„llr2fd-'.N(), 

No  reaction 

— 

— 

Svm.  « 1 1 .,))(  n  1 1  .,S( )  .Of 1 1  -.(N 0.2), -2/1 

HMI(;,jll3(N02V2-2/» 

8tl 

155-150 

Sy m .  (< '. n •  I -.ib 020f ’-0 H i N 

HMlCaIl:AN02)2-2,() 

73 

105-106 

TABLE  2 

Reaction  of  2, 4-Dinirrophcnyl  Benzencsulfonate  Witli  Nucleophilic  Reagents 


Reagent 

Reaction  product 

R  =  2.4-(N02)2(:sll3 

Yield  (in 

Melting  point 

p-\n  r.iijSNa 
( '  ' '  j  a 

llSCoHiNOa-p 

1  81 

1.59-100® 

1  IKSCalls 

90 

120-121 

HSIl 

15 

130-131 

H-S-S-ll 

50 

Doesn't  melt  at  250" 

KSll 

u_s_s-u 

55 

Doesn’t  melt  at  250* 

Na.2S 

M2S 

70 

190-191 

C„ll5\I1.2»* 

H.SllCcMs 

90 

1.5.5-156 

N  11.2  -N  II2 
(V.II^N'll.NIl, 

HNllN  II2 

/SO 

Red  tar 

193-191 

noil 

95 

113-115 

K.OI1  ♦♦ 

MOM 

95 

113-115 

CclIiONa 

noil 

90 

113-115 

The  results  given  in  Ta’ole  2  indicate  that 'two  reactive  sites  arc  present  in  aryl  sulfonates,  the  sulfur  of 
the  sulfonyl  group  and  the  carlion  of  the  benzene  ring,  the  electron  density  of  which  is  decreased  due  to  the 
joint  effect  of  the  NO2  group  and  the  negative  induction  effect  of  the  oxygen  atom,  as  a  result  of  which  re¬ 
action  witli  amines  and  such  nucleophilic  reagents  as  1  US,  KSH,  Na2S,  QUsSNa,  etc.  is  accomplished  quite 
easily  and  proceeds  by  the  aryl-oxygen  mechanism.  However,  nucleoplulic  attack  by  such  reagents  as  KOM, 
1120  and  CGlIsONa  is  directed  toward  the  sulfur  of  the  sulfonyl  group,  and  in  this  case  tlie  reaction  proceeds  by 
the  acyl-oxygen  mechanism.  The  latter  also  shows  not  too  clearly  that  in  this  case  a  strict  parallelism  fails 
to  exist  between  nncleophilicity  and  basicity,  and  it  is  quite  possible  that  the  mechanism  of  the  reaction  also 
depemls  on  the  atomic  radii  and  the  polarizability  of  the  atoms. 

EXPE  RIMENT  AL 

We  studied  the  reaction  of  aniline  with  2, 4-dinitro-  and  2,  B-dinitrophenyl  benzcnesulfonates,  phenyl 
mesitylenesulfonatcs,  2,5-dinitro-  and  3, 4-dinitro-4-chlorophenyl  benzcnesulfonates,  and  also  with  the  nitro- 
chloroplicnyl  4-chloroben2enesulfonatcs,  containing  the2N02~4Cl,  2CI-4N02,  and  2CI-3N02  groups.  The 
melting  points  and  tlic  yields  arc  given  in  Table  1.  The  data  on  the  reaction  of  2,  4-dinitrophenyl  benzene  - 
sulfonate  with  various  nncleopiiilic  reagents  is  siunmarized  in  Table  2.  The  reacting  ester  (0.0033  mole) 
and  aniline  were  taken  in  a  1  ;  2  ratio.  The  reactant  mixture,  was  dissolved  in  25  ml  of  OO'^’/o  alcohol  and  then 
heated  on  the  water  batit.  The  solution  turned  red,  and  by  the  end  of  reaction  had  become  almost  cherry-red 


•Reaction  is  slow,  and  the  mixture  was  heated  for  3  hr. 

•*  The  data  on  the  aqueous  and  alkaline  hydrolysis  wore  taken  from  [3],  while  the  data  on  the  reaction  with 
r-'iline  was  taken  from  [5]. 
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In  color.  At  the  cntl  of  reaction,  half  of  the  alcohol  was  distilled  off.  Hie  residue  on  cooling  deposited  cherry- 
red  precipitates  of  the  dinitrodiphenylarnincs.  A  more  detailed  description  of  the  synthesis  procedure  and  iso¬ 
lation  of  the  reaction  products  is  given  in  an  earlier  paper  [5].  When  the  aryl  sulfonates  were  reacted  with 
aniline  we  isolated  only  the  diphenylamincs  and  judged  the  direction  of  the  reaction  by  their  yields. 

Reaction  with  p-nitrothioplienol.  This  reaction  was  run  in  alcohol.  To  obtain  the  salt,  the  calculated 
amount  of  KOI  I  was  added  to  an  alcohol  solution  of  the  phenol  (the  solution  became  cherry-red).  The  ester 
(1.08  g)  was  dissolved  separately  in  alcohol.  The  two  warm  solutions  were  poured  togetiier,  the  red  color  dis¬ 
appeared,  and  tlie  solution  on  standing  for  dO  min  (at  30")  deposited  a  yellow  precipitate.  The  reactants  were 
taken  in  a  1  ;  2  ratio.  The  obtained  precipitate  was  washed  with  water,  and  then  recrystallized  from  glacial 
acetic  acid.  The  yield  of  2, 4, 4-trinitrodiphenyl  sulfide  was  81  Replacing  the  OO-Vo  alcohol  by  70Yo  dioxane- 
watcr  solution  failed  to  reduce  the  yield  of  reaction  products. 

Reaction  with  thiophcnolate.  The  reaction  was  run  the  same  as  in  the  ease  of  the  p-nitrothiophcnolatc. 

The  appearance  of  a  red  color  was  not  observed  in  this  case.  Yellow  crystals  of  2, 4-dinitrodiphenyl  sulfide 
W’cre  isolated. 

Reaction  with  ll^S,  Hydrogen  sulfide  was  bubbled  for  3  lir  into  a  solution  of  1. 03  g  of  the  ester  in  70% 
aqueous  dioxane.  The  colorless  solution  gradually  assumed  a  yellow-orange  color,  and  a  yellow  precipitate 
deposited.  The  precipitate  was  filtered  and  washed.  It  did  not  melt  at  250®.  Analysis  for  sulfur  and  nitrogen 
corresponded  to  the  tctranitrodiphcnyl  disulfide.  The  solvent  was  distilled  from  the  filtrate  and  acidification 
of  the  residue  gave  0. 1  g  of  the  dinitroihiophenol. 

Reaction  with  KSH.  An  alcohol  solution  of  2, 4-dinitrophcnyl  benzenesulfonate  (1.  08  g)  was  mixed  with 
an  alcohol  solution  of  freshly  prepared  KSH  solution.  The  solution  turned  red  and  was  allowed  to  stand  at  40® 
for  60  min.  Then  the  alcohol  was  vacuum-distilled,  while  the  residue  was  washed  witli  water  and  then  acidified; 
here  a  yellow  precipitate  deposited,  which  was  purified  by  reprecipitation  with  caustic.  The  yellow  precipitate 
did  not  molt  wlien  heated  to  250®,  and  above  this  temperature  it  decomposed  with  explosive  violence.  The 
analysis  for  sulfur  and  nitrogen  corresponded  to  the  tetranitrodiplienyl  disulfide. 

Reaction  with  Na2S.  This  reaction  was  run  both  in  90%  alcohol  and  in  70%  aqueous  dioxane,  the  same  as 
in  the  case  of  the  KSII.  The  solution  turned  red  at  the  start,  and  then  a  yellow  precipitate  deposited,  which 
proved  to  be  insoluble  in  alcohol,  water,  and  alkali.  After  recrystallization  from  glacial  acetic  acid,  m.  p. 
191®.  The  reactants  were  taken  in  a  2  :  1  ratio,  llnreacted  ester  could  not  be  detected.  However,  we  did 
isolate  traces  of  2, 4-dinitrophcnol  and  0.850  g  of  the  tctranitrodiphcnyl  sulfide. 

Reaction  with  hydrazine.  An  alcohol  solution  of  the  ester  (1.  08  g)  was  heated  on  the  water  bath  with  a 
freshly  prepared  alcoliol  solution  of  hydrazine  hydrate.  The  solution  turned  red,  and  after  10-20  min  a  red 
precipitate  deposited,  which  was  filtered,  washed  with  water,  and  then  rccrystallizcd  several  times.  The  yield 
of  2, 4-dinitxoplienylhydrazinc  v/as  40%.  A  red  tar  was  obtained  when  the  reaction  was  run  with  phenylhydrazine. 

Reaction  with  sodium  phenolatc.  The  reaction  was  run  in  90%  aqueous  alcohol  solution  and  was  repeated 
in  absolute  alcohol.  Tlic  alcohol  solution  of  the  rcacuints  was  heated  on  the  w'aier  bath  for  20  min.  The  re¬ 
actants  were  taken  in* a  1  ;  1  ratio.  The  alcohol  was  distilled  off,  while  the  residue  was  diluted  witli  water  and 
then  acidified;  the  solution  on  standing  deposited  a  precipitate  of  the  dinitrophcnol  and  oil,  the  latter  corre¬ 
sponding  to  phenyl  benzenesulfonate.  In  this  ease  the  arylation  reaction  failed  to  take  place,  and  instead 
transcsterification  occurred. 


SUMMARY 

1,  A  study  v/as  made  of  the  reaction  of  dinitro-  and  nitrochloro-substituted  phenyl  benzcncsulfonates, 
having  the  substituents  in  different  positions,  with  aniline,  and  the  corresponding  dinitrodiarylamincs  were 
isolated. 

2.  A  study  was  made  of  the  reaction  of  2, 4-dinitroplicnyl  benzenesulfonate  with  p-N02CcH,jSNa,  QHjSNa, 
H2S,  KSH,  Na2S,  NH2-NH2  and  CcH;,ONa,  and  here  we  isolated  the  triniircxliphcnyl  sulfide,  dinitrodiphcnyl 
sulfide,  tctranitrodiphcnyl  disulfide,  ictranitrtidiphcnyl  sulfide,  2, 4-dinitrophenylhydrazine  and  2, 4-dinitro- 
phcnol,  respectively. 
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3.  It  was  established  that  in  all  of  the  examined  reactions,  witli  the  exception  of  sodium  plienolatc,  and 
also  iti  neutral  and  alkaline  hydrolysis,  reaction  of  dinitro-snbstitnted  aryl  sulfonates  witli  nucleophilic  reagents 
is  accomplished  by  the  aryl-oxyj^en  mechanism. 

4.  It  was  established  that  aryfatinjj  properties  arc  manifested  by  those  aryl  sulfonates  that  contain  o-nitio 
or  0-,  p-dinitro  jjroups  relative  to  the  ether  oxyyeii. 

5.  The  theory  was  expressed  that  arylation  is  accomplislied  via  the  intermediate  formation  of  quinoid 

forms. 
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Original  article  submitted  October  13,  1959 


It  is  known  that  symmetrical  phthaloyl  chlorides  and  bromides  and  asymmetrical  dichloro-  and  dibro- 
mophthalidcs  arc  capable  of  intcrconvcrsion  into  each  other  [1,  2],  Analogous  rearrangements  arc  observed  in 
the  case  of  1,1,3,3-tcirachlorophthalan  and  o-irichloromcthylbcnzoyl  chloride  [3].  In  contrast  to  this,  the 
symmetrical  phthaloyl  fluoride  is  not  isomcrized  to  the  difluorophthaiidc  [4,  5].  It  was  interesting  to  determine 
if  1,1,3,3-tctrafluorophtIialan  and  o-trifluoromeihylbenzoyl  fluoride  are  capable  of  mutual  interconversion. 

Both  of  these  compounds  arc  new. 

We  decided  to  prepare  3,1,3,3-tetrafluorophihalan  from  1,1,3,3-tctrachlorophthalan  using  antimony  tri- 
fluoride.  However,  here  we  obtained  a  mixture  of  two  compounds,  namely  1,1,3,3-tctrafluorophthalan  (I)  and 
o-trifluoromcthylbcnzoyl  fluoride  (II). 


1 1  ) 


I  1  —1  I  ^-’-l  II 

^C1  (1)  (11) 


Fluoride  (II)  was  converted  to  the  amide  by  passing  ammonia  into  a  pctrolciun  ether  solution  of  the  ob¬ 
tained  mixture  of  (1)  and  (II).  The  amide  was  separated  by  filtration,  while  the  1,1,3,3-tetrafluorophthalan 
was  isolated  by  distillation.  The  latter  was  obtained  as  a  colorless  liquid  with  b.  p.  153*. 

It  was  interesting  to  determine,  the  manner  in  wliich  fluoride  (II)  is  formed  in  the  fluorination  of  1,1,3,3- 
tctrachlorophihalan,  whether  by  isomerization  of  the  3,1,3,3-tetrafluorophthalan  or  because  of  the  easy  isomeri¬ 
zation  of  1,1,3,3-ietrachlorophihalan  under  the  influence  of  heat  to  o-irichloromcihylbenzoyl  chloride  and  its 
subsequent  fluorination.  Apparently,  the  second  postulation  is  the  correct  one.  1,1 ,3,3-Tetrafluorophthalan 
is  stable  to  heat.  It  docs  not  change  when  heated  in  a  glass  ampul  for  24  lir  at  200°  (the  refractive  index  re¬ 
mains  the  same,  and  the  passage  of  ammonia  fails  to  yield  the  amide).  The  fluorination  of  o-irichloroinethyl- 
benzoyl  chloride  with  antimony  trifluoridc  also  yields  a  mixture  of  o-irifluoromcthylbenzoyl  fluoride  and 
1,1,3,3-tctrafluorophthalan.  Apparently,  also  in  this  case  the  heating  of  o-triclilcromethylbcnzoyl  chloride 
causes  its  partial  isomerization  to  l,l,3,3-tetrachlo:ophthalan,  and  then  each  isomer  is  fluorinatcd  separately. 
The  isolation  of  o-trifluoroincthylbcnzoyl  fluoride  from  its  mixture  v.'ith  l,l,3,3-tcirafluorophthal3n  is  dif¬ 
ficult,  and  consequently  the  compound  was  obtained  by  the  fluorination  of  o-trifluoromethylbenzoyl  chloride  • 
using  antimony  tri fluoride;  1,1,3,3-teirafluoropluhalan  is  not  formed  here. 

As  a  result,  fluoride  (II)  is  not  converted  to  tctrafluoroplithalan  (1)  in  the  presence  of  cither  antimony 
trifluoridc  or  trichloride.  Even  when  o-trifluoromcthylbcnzoyl  fluoride  is  heated  in  a  stainless  steel  autoclave 
for  10  hr  at  200*  it  is  not  converted  to  l,l,3,3-ictrafluoroph:halan,  as  shown  by  tlic  fact  that  fluoride  (II)  after 
such  heating  gives  the  amide  of  o-trifluoromcthylbenzoic  acid  in  quantitative  yield  when  treated  witli  ammonia. 
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The  absorption  spccliiini  of  l,l,n,3-tetraflnorophtlialan  (tlic  absorption  maxima  lie  at  242,  2-10,  252, 

257,  and  253  m;i)  resembles  the  absorption  spectrum  of  l,J,3,3-tetrachloroj)lithalan  (absorpti<5n  maxima  at 
220,  2't7,  252,  258,  254,  and  2(’>0  m/i)  atid  is  (inite  different  from  the  absorption  spectrum  of  o-trifluoromcthyl- 
bcnxoyl  fluoride  (absorption  maxima  at  225  and  274  mp).  The  absorption  curves  of  the  indicated  compounds 
arc  shown  in  I'ig.  1. 

1 ,1,3,3-Tctrafluoroplithalan  is  stable  toward  alkaline  agents.  It  remains 
unchanged  when  heated  with  an  alcoholic  solution  of  diethylaminc  at  150*  fee 
3  lir.  Concentrated  acids  decompose  it  only  when  heated. 


- 

£50  200  ' 


Fig.  1,  Absorption  spectra. 
1)  1,1,3,3-Tetrachloro  - 
phthalan;  II)  1,1,3,3-tetra- 
fluorophthalan;  III)o-tri- 
fluoromethylbennoyl  fluo¬ 
ride 


We  were  unable  to  obtain  the  nitrotetrafluorophthalan  when  1, 1,3,3- 
tetrafluorophthalan  was  nitrated  with  mixed  acid.  Hydrogen  fluoride  began  to 
be  evolved  even  at  10*.  The  nitration  docs  not  go  at  lower  temperatures;  conse- 
(lucntly,  to  obtain  the  nitrotetrafluorophthalan  we  started  with  G-nitrophthalide, 

It  is  interesting  that  the  reaction  of  the  latter  with  phosphorus  pcntachloride 
give  only  the  cyclic  5-nitro-l,l,3,3-tctrachlorophtlulan.  The  presence  of 
nitro-o-trichloromcthylbcnzoyl  chloride  could  be  detected.  The  mixing  of 
benzene  solutions  of  aniline  and  the  reaction  product  orG-nitrophthalide  with 
phosphorus  pentachloridc  failed  to  yield  the  anilide  even  when  the  mixture 
was  allowed  to  stand  for  a  day. 

The  fluorination  of  5-nitxo-l,l,3,3-tctrachlorophthalan  using  antimony 
tTifliioridc  gave  5-nitro-l,l,3,3-tetraflnorophthalan.  The  absorption  spectra  of 
5-nitro-l,l,3,3-tetrachlorophthalan  (absorption  maxima  at  219,  242,  247,  252, 
258,  and  254  mp)  and  5-nitro-l,l,3,3-reLrafluorophthalan  (absorption  maxima 
at  23G,  241,  24G,  252,  258,  and  265  mp)  (Fig.  2)  resemble  the  absorption  spectra 
of  the  1,1,3,3-tctrachloro-  and  tctrafluorophthalans, 

5-Mitro-l,l,3,3-tctxafluorophthalan  was  reduced  to  the  amino  compound, 
5-Amino-l,l,3,3-tctrafluorophthalan  is  an  unstable  compound  and  decomposes 
on  storage.  Its  acetyl  derivative  is  completely  stable.  Grnploying  tlie  Sand- 
meyer  reaction,  tliis  amine  was  converted  to  the  cyano  derivative,  which  was 
hydrolyzed  to  5-carboxy-l,l,3,3-tetrafluorophthalan  by  refluxing  with  aqueous 
cans*’"'',  and  was  converted  to  5-fluoro-l,l,3,3 -tetrafluorophthalan  by  the 
Schiemann  reaction.  The  absorption  maxima  of  tliis  compound  (246,  253,  259, 
264,  and  2G0  mp  )*  are  shifted  somewhat  toward  longer  wavelengths  when 
compared  with  1,1 ,3,3 -tetrafluorophthalan  (Fig.  3). 


When  the  diazonium  salt  from  6-amino-l,l,3,3-tctrafluorophthalan  was  coupled  with  dimethylaniline  we 
obtained  the  azo  dye. 


\^\ 


N(CII:,)2 


^max('n  alcohol  solution)  450  mp,  €  ^  10"''3.15;  in  acid  solution  (2  volumes  of  alcohol  and  1  volume  of 


CK,- 


hydrochloric  acid,  d  1.19),  e  •  10"‘‘.4.28.  The  effect  exerted  by  the  0\  grouping 

f.B , — 

on  the  color  of  p-dimeihylamiiioazo  dyes  resembles  that  of  strong  electronegative  substituents  [6], 


F  X  P  n  RI  M F  N  T  A  L 

1,1,3,3-Tetxafluorophthalan.  A  charg  of  20  g  of  l,l,3,3-tetxachlor(’phthalan**and  20  g  of  SbFj  was 
placed  in  a  Claisen  flask,  the  mixture  heated  with  a  free  llame,  followed  by  distillation  of  the  reaction  products 
under  the  slight  vacuum  of  a  water-jet  pump,  and  the  distillate  was  dissolved  in  a  tnixture  of  light  petroleum 


•All  of  the  absorption  curves  were  taken  i*  n-hcxanc, 
•  •M.  p.  85-86"  [3]. 
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Fig.  2.  Absorption  spectra.  IV) 
5“Nitro-l,l,3,3-tcu-achloro- 
phtlialari;  V)  5-niiro-l, 1,3,3- 
ictrafluorophihalan. 
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Fig.  3.  Absorption  spec 
tra.  II)  1,1.3,3-Tcua- 
fluoroplitlialan;  VI)  5- 
fluoro-l,l,3,3-ietra- 
fluorophthalan. 


ether  and  2(y7o  hydrochlOTic  acid.  The  petroleum  ether  layer  was  separated,  and  then  wash.ed  in  sequenee  with 
hydrocliloric  acid  and  water.  The  product  was  dried  over  sodium  sulfate.  Then  dry  ammonia  was  passed  into 
the  solution  of  the  product.  The  amide  of  o-trifluoromethylbenzoie  acid  was  filtered,  washed  with  water,  and 
then  recxystallizcd  from  aqueous  alcohol.  The  yield  was  2.95  g  (20^c),  M.  p.  160*  [7].  The  filtrate  was  dis¬ 
tilled  to  remove  the  petroleum  ether,  and  then  the  1,1,3  Jl-tetrafluorophiha Ian  was  isolated  by  distillation.  Yield 
8.5  g  (57.'l'7n). 


B.  p.  153*,  nj®  1.4155,  d^°  1.387,  MR^  34.72;  ealc.  34.57. 

Found  C  50.01,  50.04;  11  2.12,  2.14.  CgUpFz.  Calculated  o/o:  C  50.00;  H  2.08. 


o-Trinuoromethylbenzoyl  fluoride.  A  mixture  of  5  g  of  o-trifluoromcthylbenzoyl  chloride  (obtained 
from  o-trifluoromethylbenzoie  acid  [7]  and  thionyl  chloride;  b.  p.  199*  or  91-92*  at  18  mm)  and  2  g  of  antimony 
trifluoride  was  heated  with  a  free  flame,  and  the  liquid  with  b.  p.  171—180*  was  distilled  off.  This  liquid  was 
dissolved  in  petroleum  ether,  and  the  solution  was  washed  first  with  hydrochlorie  acid  and  then  with  water,  dried, 
and  distilled.  Yield  3  g  (G5.2f7o). 

B.  p.  175-176*;  n”  1.4411,  d^®  1.396. 

Found  f/o:  C  50.33,  50.41;  11  1.99.  2.05.  C8HPF4.  Caleulated  C  50.00;  H  2.08. 


5-Nitro-l,l,3,3-tctrachlorophthalan.  A  mixture  of  3.6  g  of  6-nitrophthalide  [8],  12.4  g  of  phosphorus 
pcntachloride  and  1  ml  of  phosphorus  oxychloride  in  a  Claisen  flask  was  heated  in  a  glycerin  bath  fee  30  min 
at  110*,  and  then  it  was  refluxed  for  1  hour  until  the  hydrogen  chloride  ceased  to  evolve.  The  phosphorus  tri¬ 
chloride  and  phosphorcis  oxychloride  were  vacuum-distilled  using  a  water-jfct  pump.  The  residue  was  recrystal- 
lized  from  benzene.  Yield  4.9  g  (75.5%).  M.  p.  82-83*. 

Found  %:  0146.92,  47.00.  CsHsOjNCh,.  Calculated  %:  Cl  46.86. 

5-Nitro-l ,1 ,3,3-tctTafluorophthalan.  Thc'5-nitro-l,l,3,3-tctrachlorophthalan  obutined  in  the  previous 
experiment  (without  purification)  was  ureated  with  6  g  of  antimony  trifluoridc.  The  mixture  was  heated  with  a 
free  flame,  and  then  it  was  distilled  using  the  vacuum  of  a  watcr-jet  pump.  The  product  was  dissolved  in  ether 
and  then  washed  with  20%  hydrochloric  acid.  The  ether  was  distilled  off.  Yield  of  product  2  g  (42.3%),  based 
on  the  starting  6-nitrophthalide.  M.  p.  57—58*  (from  aqueous  alcohol). 

Found  %:  N  5.74,  5.89.  CgHaOjNIV  Calculated  %:  N  5.90. 

5-Amino-l ,1,3,3-tctrafluorophthalan.  A  solution  of  2  g  of  5-nitro-l,l,3,3-tctrafluorophthalan  in  15  ml 
of  alcohol  was  reduced  with  hydrogen  using  platinum  catalyst.  The  alcohol  was  distilled  off.  The  yield  of 
proiluct  was  quantitative  (1.75  g). 

B.  p.  87-88*  (2  mm),  nJJ  1.4778,  d*®  1,539,  38.16;  calc.  37.91-. 
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n-Nitro-l,] ,n,3-tctranuoroplitlialaii  can  also  be  rciluccil  to  the  amine  using  stannous  chloride.  Yield  75'7o. 

Found  N  G.’/ri.  CgllnONF^.  Calculated"/,:  N  G.7t). 

Acetyl  derivative,  rn.  p.  I.'IQ— .I-IO”,  from  ariucous  alcohol. 

Found  N  . 7. <13,  5.5'!.  Calculated  "/o:  N  5.62. 

5-(‘l-dimcthylaminoi)henylazo)-l,:i,n,3-mjranuorop!ithalam  A  solution  of  1  g  of  5-amino-l,l,3,3-tctra- 
fluorophthalan  in  4  ml  of  hydrochloric  acid  (d  IJ'.t)  and  16  ml  of  water  was  diazotized  with  0.35  g  of  srxlium 
nitrite  and  then  coupled  with  a  solution  of  0.6  g  of  dimcthylani  line  in  4  ml  of  acetic  acid.  Yield  1  g  (50*70). 

M.  p,  120  —  121",  from  methyl  alcoliol. 

Found  %:  M  12.18,  12.25.  Cud l!/'’N3l'4.  Calculated  N  12.38. 

5-Cyano-1 ,1 ,3,3-rctraniiorophthalan.  A  mixture  of  5  g  of  the  5-aminotctrafluorophthalan  and  12  ml  of 
hydroc liloric  acid  (d  1.19)  was  diazoiized  with  a  solution  of  1.7  g  of  sodium  nitrite  in  5  ml  of  water  at  0".  The 
diazo  solution  was  filtered,  tlicn  neutralized  with  sodium  acetate  and  added  with  cooling  to  a  solution  of  cup¬ 
rous  cyanide,  prepared  from  2.3  g  of  cuprous  chloride,  6  g  of  S'xlium  cyanide  and  12  ml  of  water.  The  next 
day  the  mixture  v/as  heated  to  60".  The  product  was  steam -distilled  and  then  recrystallized  from  alcohol. 

Yield  3.5  n  (r,7.3";3.  M.p.  75-76". 

1  ..  1.32,  6.35.  CgfljONF.,.  Calculated  </,:  N  6.45. 

1,1, 3, 3-Terra fliioro-5-pIithaIanearboxylic  acid.  A  mixture  of  2.17  g  of  the  nitrile  and  5  ml  of  lOVo  NaOll 
solution  wasHieatcd  under  rciiiix  until  ammonia  evolution  cea.scd.  Then  the  solution  was  acidified.  The  ob¬ 
tained  precipitate  v/as  filtered  and  recrystallized  from  alcohol.  Yield  2  g  (84.7"/o).  M.  p.  176-177*. 

Found ‘/o:  F  32.11,  32.3G.  C9H.1O3F4.  Calculated*/,:  F  32.22. 

5-Fluoro-l,l,3,3-tctraniinrophtlialan.  A  mixture  of  5.2  g  of  the  5-aminotetrafluorophtI’alan  and  12  ml 
of  coned,  hydrochloric  acid  was  diazotized  witli  a  solution  of  1.75  g  of  sodium  nitrite  in  5  ml  of  v.’ater  at  0*. 

The  diazo  solution  was  filtered  and  then  mixed  with  vigorous  stirring  with  the  fluoboric  acid  prepared  from  3  g 
of  boric  acid  and  9  g  of  40*’ 0  hydrofluoric  acid.  The  diazonium  fluoborate  was  filtered,  washed  with  cold  alcohol 
and  tlii-ii  wiili  other,  and  dried.  M.  p.  150"  (with  dccompn.).  The  compound  v.'as  decomposed  by  licating  with 
a  free  flame  aie'.  '  :  product  v/as  distilled  off.  Yield  3.5  g  (67.37o). 

B.  p.  141-142",  nj^  1.4042,  d’°  1.431,  34.67;  calc.  34.47. 

Found  "/o:  C  46.09,  46.16;  II  1.46,  1.49.  CgHaOFs.  Calculated  C  45.71;  H  1.43. 

SUMMARY 

The  synthesis  of  1,1,3 .B-tetrafluorophthalan  and  its  5-nitro,  5-amino,  5-cyano,  5-carboxy  and  5-fliioro 
derivatives  was  described.  It  was  shown  that  1,1,3,3-tetrafluorophthalan  and  o-triflucromethylbenzoyl  fluoride, 
in  contrast  to  tltc  cciresponding  chloro  derivatives,  do  not  isomcrize  to  each  other  when  heated, 

LITURATURF  CITOD 


1.  n.  Ott,  Liob.  Ann.  245  (1912). 

2.  W.  Davies,  A.  N.  llatiilily,  and  G,  S.  C.  Semmens,  J.  Chein.  Soc.  1933,  1309. 

3.  H.  Ott,  Her.  2108  (1922). 

4.  A.  Dann,  W.  Davies,  A.  llambly,  R.  Paul,  and  G.  Semmens,  J.  Chem.  Soc.  1933,  15. 

5.  F.  Seel  and  J.  hanger,  Ber.  iU,  2553  (1958). 

6.  h.  M.  Yagupol'skii  and  M.  S.  Marenets,  Zhur.  Obshchei  Khim.^,  1395  (1957).* 

7.  h.  M.  Yagupol’skii  and  N.  I.  Man’ko,  Zhur.  Olishclici  Kliim.  983  (1053).* 

8.  M.  llocnig,  Ber.  1^,  3447  (1885). 


*  Original  Russian  pagination.  See  C.  B.  translation. 


3415 


B 
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As  wc  had  shown  [1“3],  diarylurcas  are  highly  resistant  to  hydrolysis.  Together  with  this,  they  are  capable 
of  certain  chemical  tiansfcKmatioris.  It  is  characteristic  that  the  differences  in  the  chemical  properties  of  indi¬ 
vidual  members  of  the  diarylurca  scries  arc  trivial,  and,  in  addition,  are  observed  only  under  drastic  conditions. 
Starting  with  the  structures  of  the  investigated  compounds,  we  attempted  to  find  an  explanation  for  this  charac¬ 
teristic. 

In  order  to  study  the  effect  of  the  number  of  substituents  in  the  phenyl  rings  and  their  nature  on  the  valence 
vibrations  of  the  carbonyl  group  we  investigated  the  infrared  spectra  of  a  number  of  diarylurcas.  Here  we  ob¬ 
tained  the  results  presented  in  Table  1. 

As  can  be  seen  from  the  data  in  Table  1,  the  valence  vibration  frequencies  of  the  carbonyl  groups  in 
diarylurcas  arc  basically  the  same  for  all  of  the  compounds.  The  introduction  of  substituents,  irrespective  of  the 
number  or  their  nature,  into  the  aromatic  rings  of  diarylurcas  is  practically  without  effect  on  the  valence  vib¬ 
rations  of  the  carbonyl  group.  In  this  case  the  induction  effect,  for  example,  of  chlorine  atoms  found  in  the 
aromatic  ritigs  of  diarylurcas,  is  not  in  a  position  to  change  the  value  of  the  vibration  frequencies  of  the  carbonyl 
group. 

Apparently,  this  phenomenon  can  be  explained  by  the  fact  that  the  carbonyl  group  displays  a  v/cll-dcfincd 
tendency  to  enter  into  hydrogen  bonding  of  the  type  >C  =  0...11“N<  [4].  It  must  be  assumed  that  the 
effect  of  the  hydrogen  bond  is  stronger  than  the  induction  effect  through  the  ring,  which  leads  to  the  influence 
of  the  hydrogen  bond  on  the  C  =  0  frequency  prevailing  over  the  corresponding  influence  of  substituents  in  the 
ring.  Starting  with  these  concepts,  it  becomes  possible  to  explain  the  constancy  of  the  frequencies  of  the  C  =  0 
bond  in  the  case  of  nuclear  chloro  derivatives  of  diarylureas  and  unsubstituted  diphenylurea. 

As  a  result,  the  peculiar  chemical  properties  shown  by  diarylureas  can  apparently  be  explained  by  the 
presence  of  hydrogen  bonds  between  the  oxygen  of  the  carbonyl  group  and  the  hydrogens  attached  to  the  nitrogen 
atoms  of  the  diarylurcas.  Starting  with  this  assumption  makes  it  possible  to  explain  some  decrease  in  the  basic 
properties  of  the  diarylurcas-a  supression  of  the  activity  of  the  double  bond  of  the  carbonyl  group  and  in  that 
way  an  increase  in  the  chemical  stability. 

Replacing  the  hydrogen  atoms  attached  to  the  nitrogen  atoms  in  diarylurcas  by  chlorine  sharply  changes 
the  physical  state  of  diarylurcas.  V/e  studied  the  infrared  absorption  spectra  of  various  N-chloro  diarylurca 
derivatives  and  determined  the  valence  vibration  frequencies  of  the  carbonyl  groups  in  these  compounds.  Here 
we  obtained  the  results  given  iit  Table  2. 

From  the  results  given  in  Table  2  it  can  be  seen  that  a  completely  different  picture  prevails  here.  If  the 
valence  vibration  frequencies  of  the  carbonyl  bond  in  the  starling  diarylureas  were  basically  the  same  and  corre¬ 
sponded  to  a  value  of  1040  cm"\  then  for  the  N-chloro  diarylurca  derivatives  the  valcticc  vibration  frequencies 
of  the  C  =  0  bond  are  different,  and  even  the  minimutn  value  is  1709  cm"\  Then,  in  addition,  tliere  is  an 
increase  in  the  valence  vibration  frequencies  of  the  C=0  bond  with  increase  in  the  number  of  halogens  in  the 
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TAUl.F-  1 


5ul)stiluents  in  /  ^ 

Uiisubstitutcd  dipheuylurca 

1G40 

2 ,4,2*  ,4'  -Tctrachloro- 

1640 

2,4,G,2*,4*,r)'-llcxachIoro- 

1640 

2,3,5,G,2’,3’,5',G’-Octachloro  - 

1640 

2,4,G,2’,4’-Pentachloro- 

1643 

2, 4, G, 4’ -Tctrachloro- 

1645 

2,4,5,2’,4’,5’ -Ilcxanuoro- 

1646  and  1683 

TABLE  2 


Substituents  in  /  \-Ncl-co-NGl— ^ 

^max  (in  cm"0 

2, !-, 2 ',4* -Tctrachloro-  (1) 

1709 

2, 6,2*, 6’ -Tctrachloro- 

1714 

2,4,6,2*,4*,G’-Hexachlcro-  (III) 

172.1  • 

2,4,5,2*,4’5’-llexachloro- 

1723  . 

2,3,5, 6,2*,3*,5’,G*-Octachloro- 

1735 

2 ,4,5,2 '  ,4*  ,5  ’  -Mexa  fluoro- 

1727 

2,4,6,2*,4*-Pcutachloro-  (11) 

1730 

aryl  radicals  of  the  N-chloro  diaryTurea  derivatives.  Apparently,  tliis  fact  also  indicates  that  hydrogen  bonds 
arc  present  in  the  starting  diarylureas. 

The  values  observed  for  the  vibration  frequencies  of  the  carbonyl  group  in  N-chloro  diarylurea  derivatives 
are  found  in  ar^  incut  witli  the  concepts  being  developed  at  the  present  time  regarding  the  induction  effect  of 
substituents  on  i  vibration  frciiuencies  of  tlie  C  =  Obond  [5,  6], 

The  increase  established  by  us  in  the  valence  vibration  frequencies  of  the  carbonyl  group  in  N-chloro 
diarylurea  derivatives  with  increase  in  the  number  of  substituents  in  their  phenyl  rings  is  in  harmony  with  the 
change  in  the  values  of  the  dipole  moments.  We  were  the  first  to  determine  the  dipole  moments  of  a  number 
of  N-chloro  diarylurea  derivatives,  and  specifically:  N,N'-dichloro-2,2’,‘l,4’-tetrachlcrodiphcnylurca  (1)  3.29 
D,  N,N'-dichloro-2,4,6,2’,4'-pentachlorcdiphcnylurca  (11)3.45  D,  and  N,N'-dichloro-2,2’,4,4’,6,6'-hexachloro- 
diphcnyhirca  (III)  3.88  D. 


TABLE  3 


Compound 

/ 

tip* 

MR 

pi  •  !()-'• 

r.i  V  m 

O.OOOS'll!) 

2.2865 

0.87.5.55 

07.02 

05.67 

3I6..S2 

3.26 

Cl;  ;N-CO-N<;  Va 

\ '  \ / 

0.1)01  ir>7 
0.00  Kill, -i 

2.2;)ll 

2.2;i2i 

0.87605 

0.87655 

333.65 

311.25 

3..38 

3.24 

Average . 

.  ,  .  .  . 

06.79 

321.57 

3.29 

Cl  ‘I''  S'  ‘-I 

o.ooo!i:r2  i 

2.2885 

0.87585 

10i.2;) 

101.13 

3L3.29 

3.41 

pci 

Cl 

(1.001068 

1  0.00 151 

2.2;>13 

2.3002 

0.,S76I2  * 
0.87731 

3'.0.9i 

35i.SG 

3.45 

3.49 

1  Average . 

. 

102.71 

3'd).36 

3.45 

Cl  Cl 

q.cm.-Vi.i? 

2.30.33 

0.87  G!)7 

111. .57 
116.70 

33.62 

3.91 

ci;^  Pn_co-n(^  pci 
~ci  cF 

0  00  in;  15 

0.  10 1.5;  1.50 

2  3056 
2.307 't 

0.877  i.5 
0.8771)7 

/i.'i2.18 

•'.O'.i.OG 

3.97 

3.77 

Average . 

.  .  .  .  . 

1 15.63 

/.  28.58 

3.83 

I>cgend:  f  is  the  mole  fraction  of  substance  in  benzene  solution;  is  the  dielectric 
permeability  of  the  solution  at  25*;  Pa,  is  thcpolarization;/i  is  Uic  dipole  moment. 
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From  the  obtained  data  it  can  be  seen  that  the  dipole  moments  of  N-chloro  diarylurea  derivatives  increase 
with  inacase  in  the  number  of  chlorine  atoms  in  the  aromatic  radicals. 

EXPERIMENTA’ 

A  "Pcrkin-Olmcr*  spectrophotometer,  Model  12B,  was  used  to  take  the  infrared  absorption  spectra.  The 
compounds  were  investigated  as  nujol  mulls,  deposited  on  potassium  chloride  plates. 

V/c  used  a  dielcometer,  operating  on  the  beat  principle,  to  determine  the  dielectrie  constants  of  dilute 
benzene  solutions  of  the  compounds.  To  calculate  the  complete  polarization  we  used  the  lledestrand  equation 
[7],  and  for  the  dipole  moment  we  used  the  expression  |i— 0.219o\^/^(n — The  refractive  index  of  the 
compounds  was  determined  by  the  technique  of  dissolving  them  in  dichlorocthanc  [S].  To  calculate  the  dipole 
moment  we  took  the  average  of  two  determinations  of  the  molecular  refraction  (Table  3). 

SUMMARY 

1.  As  a  result  of  studying  the  infrared  absorption  spectra  of  a  number  of  diarylureas  the  theory  was  ex¬ 
pressed  that  hydrogen  bonds  arc  present  in  these  compounds  between  the  oxygen  of  the  carbonyl  group  and  the 
hydrogen  atoms  attached  to  the  nitrogen. 

2.  The  dipole  moments  of  a  number  of  N-chloro  diarylurea  derivatives  were  determined;  here  it  was 
shown  that  the  value  of  the  dipole  moment  increases  with  increase  in  the  number  of  chlorine  atoms  in  the  aryl 
radicals. 
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Among  carbon -carbon  derivatives  of  carbohydrates  with  heterocyclic  aglycons  an  important  position  is 
occupied  by  compounds  in  whicli  the  carbohydrate  moiety  is  attached  to  the  benzimidazole  ring.  The  methods 
,  of  preparation,  the  properties  and  the  utilization  of  compounds  of  this  type  have  been  discussed  in  detail  in 
review  articles  [1,  2]. 

In  our  first  communication  [3]  we  described  the  synthesis  of  some  benzimidazole  derivatives  that  were 
obtained  by  t!;  <  idensation  of  o-phenylcncdiamine  with  mono-  and  dibasic  acids.  The  present  paper  isdevoted 
to  a  study  C  l'  i  iction  of  1 ,2-naphtha!encdiamine  with  aldonic  acids.  Henseke  and  Lemke  have  sliov.-.i  tliat 
the  condensation  of  l,2-naplirhaU'.nediaminc  with  D-glncosone  yields  a  mixture  of  isomeric  2-  and  3-(D-arabo- 
teirahydroxybutyl)-5,6-benzoqiunoxalines  [4].  Condensation  with  the  salts  of  aldonic  acids  (L-arabonic,  D~ 
xylonic,  and  D-galactonic)  loads  to  the  formation  of  2-(aldo-polyhydroxyalkyl)-nap!ith  [1,  2]  imidazoles  and 
proceeds  by  ilie  following  scheme: 


'V 


I  I  -1-  c-(f:iK)ii)„-cii,/)ii 
'^/\N'IIo1IO'^ 


IlCl 


^ 


The  reaction  was  run  by  evaporating  equimolar  amounts  of  the  components  in  aqueous  alcohol  solution 
at  i:t5-140’  in  the  presence  of  liydrochlcric  and  orihophosphoric  acids  by  the  Moore  and  Link  method  [5].  2- 
(A!d(>-poIyhydroxyalkyl)-napluh  [1,  2]  imidazoles  are  also  oljtained  in  good  yield  by  refluxing  tlie  calcium 
salts  of  aldonic  acids  in  2N  hydrochloric  acid  solution,  by  the  method  described  for  the  syntlicsis  of  benzimidazole 
derivatives  of  carbohydrates  [G], 

The  presence  of  the  carbon -carbon  linkage  in  the  obtained  compounds  was  sliown  by  oxidation  with  al¬ 
kaline  hydrogen  peroxide  solution.  Naphih  [I,  2J  imidazole -2 -carboxylic  acid  was  formed  in  the  oxidation,  which 
was  decarboxylated  to  naphth  [1,  2]  imidazole,  identical  with  the  specimen  obtained  from  1,2 -naphthalene - 
diamine  and  formic  acid  [7]. 


♦Communication  I,  sec  [3]. 
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Tlic  obtained  C-naphihimidazole  carbohydrate  derivatives  are  colorless  compounds,  readily  soluble  in 
dilute  acids,  but  practically  insoluble  in  water  and  tlie  common  organic  solvents.  From  2-(L-arabotetrahydroxy- 
butyl)-naphth  [1,  2]  imidazole  we  prepared  the  picrate  and  the  tetraacetyl  derivative;  2-(D-galactopentahydroxy 
amyl)-naphth  [1,  2]  imidazole  forms  a  hydrochloride  that  is  readily  soluble  in  water. 

EXPERIMENTAL  • 

The  aldonic  acid  calcium  salts  needed  for  the  work  were  obtained  by  the  oxidation  of  the  aldoses  with 
bromine  water  [8,  9];  1,2-naphthalcnediamine  was  obtained  by  the  reduction  of  benzeneazo-0-naphthylamine 
witli  zinc  dust  in  acetic  acid  [10]. 

2-(L-Arabotctrahydroxybutyl)-naphth  [1,  2]  imidazplc.  Metliod  A.  A  mixture  of  2.3  g  (0.005  mole)  of 
calcium  arabonatc  pcninhydrate,  1.58  g  (0.01  mole)  of  1,2-naphthalenediamine,  2  ml  of  water,  3  ml  of  aleohol, 
3  ml  of  coned,  hydrochloric  acid  and  1  ml  of  85%  orthophosphoric  acid  was  held  at  135—140“  for  1.5  Itr.  The 
reddish-brown  melt  was  dissolved  in  hot  water,  the  solution  was  boiled  with  activated  carbon,  then  filtered,  and 
tlic  filtrate  w'as  cooled  and  made  alkaline  with  10%  ammonia  solution.  Here  an  amorphous  precipitate  deposited 
almost  immediately,  which  w’as  filtered,  washed  in  sequence  with  water,  alcohol  and  ether,  and  dried.  The 
yield  of  compound  was  1.8  g  (62%).  Rccrystallization  from  1.5  liters  of  water  gave  the  compound  as  a  colorless 
powder  with  in.  p.  244-245  (decompn.). 

Method  B.  A  solution  of  1.58  g  of  1,2-naphtlialenediaminc  and  2,3  g  of  calcium  arabonate  (pentahydrate) 
in  25  ml  of  2N  hydrochloric  acid  was  refluxed  fex  5  hr.  After  boiling  with  activated  carbon  and  making  al¬ 
kaline  with  ammonia  wo  obtained  2  g  of  2-(L-arabotetrahydroxybutyl)-naphth  [1,  2]  imidazole  (69%  yield). 

M.  p.  244-245"  (decompn.). 

Found  %;  C  52.01,  52.09;  H  5.49,  5.51;  N  9.74,  9.83.  C15H16O4N2.  Calculated  %:  C  52.08;  H  5.55; 

N  9.72. 

The  picrate  of  2-(L-arabotetrahydroxybutyl)-naphth  [1,  2]  imidazole  was  obtained  by  boiling  a  water 

solution  of  the  compound  w’ith  picric  acid.  M.  p.  211  (decompn.). 

• 

2-(L-Arabotctrahydroxybutyl)-naphth  [1,  2]  imidazole  tetraacetate.  To  0.2  g  of  2-(L-arabotetrahydroxy“ 
butyl)-naphth  [1,  2]  iihidazole  was  added  2  mi  of  pyridine  and  2  ml  of  acetic  anhydride.  The  mixture  was 
stirred  until  complete  solution  was  obtained,  allowed  to  stand  for  an  hour,  and  then  poured  into  water.  The  ob¬ 
tained  crystalline  product  was  filtered  and  rccrystallizcd  from  aqueous  alcohol.  The  compound  was  obtained 
as  glistening  colorless  cry'stals  with  m.  p.  178-179",  Yield  0.22  g  (70%). 

Found  %;  N  6.02,  6.17.  C23H2408N2*  Calculated  %;  N  6.14.  . 


Oxidation  of  2-(L-arabotctrahydroxybut\’l)-naphth  [1,  2]  imidazole.  A  suspension  of  0.9  g  of  2-(L  -  arabo- 
tetrahydroxybutyl)-napluh  [1,  2]  imidazole  in  65  ml  of  6%  hydrogen  peroxide  solution  was  heated  to  70  —  75" 
and  the  obtained  solution  was  treated  with  2  g  of  NaOlI;  the  reaction  mixture  was  diluted  with  an  equal  volume 
of  w'ater  and  then  heated  for  1  lir  on  the  boiling  water  bath  until  all  of  the  precipitate  had  dissolved.  Then  the 
solution  was  boiled  with  activated  carbon,  filtered,  and  the  filtrate  was  treated  with  hydrochloric  acid  until 
weakly  acid.  Cooling  of  the  solution  gave  naplith  [1,  2]  imidazole-2 -carboxylic  acid  as  a  faintly  yellow  crystal¬ 
line  product  with  m.  p.  163".  Yield  0.26  g  (40%). 

*  With  the  assistance  of  A.  I.  Buteiko. 
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Found  o/,:  N  13.00,  13. Id.  Acid  iiunibcr -1.2  ml,  d.23  r.il  0.1  N  NaOll.  Ci^llsOjNa.  Calculated 
N  13.20.  Acid  ruimbcr  '1.35  nil  0.1  N  NaOll. 

Decarboxylation  of  naplith  [1, 2]  irnidazole-2-carbr)xylic  acid.  Naplith  [1,  2]  iniidazolc-2 -carboxylic 
acid  was  heated  in  an  oil  bath  at  200—210“  fer  10  min,  after  which  the  residue  v/as  recrystallizcd  from  benzene 
by  the  addition  of  petroleum  ether.  The  product  was  obtained  as  yellow  crystals  with  m.  p.  176-177*.  The 
mixed  mcliiny  point  with  authentic  naphili  [1,  2J  imidazole  [7]  was  not  depressed. 

2-(D-GalactopentahydroxyamyI)-nap!ith  [1,  2]  imidazole  hydroclilcride.  A  mixture  of  1  y  (O.OOG'l  mole) 
of  1,2-napluhalcncdiamine  and  1.-15  y  (0.0032  mole)  of  calcium  galactonate  hydrate  in  25  ml  of  2M  hydro- 
cliloric  acid  solution  was  refluxed  for  5  lir.  The  solution  was  then  boileil  with  activated  carbon  until  colorless, 
and  the  filtrate  was  cooled.  The  obtained  coh'rless  crystals  were  filtered  and  then  rccrystallized  from  a  little 
v/atcr,  m.  p.  228“  (decompn.).  Yield  1.1  g  (50'’/o). 

Found  N  7.53,  7.G1;  Cl  9.76,  0.81.,  CiGni305N2Cl.  Calculated  N  7.89;  Cl  10.01. 

2-(n-r,n' '--ropcntahydroxyamyO-naphih  [1,  2]  imidazole.  Treatment  of  a  water  solution  of  2-(D-galacto- 
pcntahyd.'c- .  l)-naphth  [1,  2]  imidazole  iiydrocliloride  with  ammonia  gave  the  free  base  as  a  colorless  powder 
with  m.  p.  238-239’  (decompn.). 

Found  <yo:  N  8.71,  8.77.  CigHisOsNe-  Calculated  ^/o:  N  8.96. 

Oxidation  of  the  compound  whtli  alkaline  hydrogen  peroxide  solution  gave  naphtli  [1,  2]  iniidazolc-2- 
carboxylic  acid. 

2-(D-.Xylotctrahydroxybiuyl)-naphth  [1,  2'|  imidazole.  Using  the  above  described  method  A,  the  con¬ 
densation  of  1.58  g  (d.Ol  mole)  of  1 ,2 -naph tna Le ned i a i h i ne  wi th  1.95  g  (0.005  rnolc)  of  calcium  D-xylonatc 
hydrate  gave  1.17  g  of  a  light-brown  product.  The  compound,  purified  by  boiling  w'irh  methanol,  ’was  obtained 
as  a  yellow  powder.  Weight  0.25  g  (3.6'-yo).  The  product  decomposes  above  360’  without  first  melting. 

Feu,;!-',:  M  9.15,  9.22.  Ci:,Uig0.jN2.  Calculated  N  9.72. 

Analogous  lesulis  wore  obtained  when  the  components  vrere  condensed  employing  metltod  D. 

SUMMARY 

1.  The  reaction  of  1,2-napluhalcnediaminc  with  the  calcium  salts  of  L-arabonic,  D-gaLactonic  and  D- 
xylonic  acids  gave  the  corresponding  2-(aldopolyhydro:<yalkyl)-naphth  [1,  2]  imidazoles, 

2.  Oxidation  of  the  obtained  prcx-lucts  w'ith  alkaline  hydrogen  peroxide  solution  leads  to  tire  formation  of 
naplith  [1,  2]  imidazolc-2 -carboxylic  acid. 
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Organophosphorus  compounds,  containing  amino  groupings  in  the  alcohol  radical,  exhibit  high  insecticidal 
activity  and  systemic  action  [1-3).  The  dialkylaminocthanol  derivatives  of  thiophosphoric  acid  [4,  5]  have  re¬ 
ceived  the  greatest  study. 

Phosphoric  and  thiophosphoric  acid  derivatives,  containing  mixed  radicals,  have  not  been  reported  up  to 
now.  For  this  reason  it  seemed  of  interest  to  synthesize  and  study  the  properties  of  some  dialkylaminoethyl 
alkyl  phosphates  and  thiophosphates.  The  indicated  compounds  are  obtained  by  the  following  exemplary  equation: 

(UO)2POCI  NaOCMjCII^Nlli  — >  (nO)2POOClI,Cn2Nn2  +  NaC) 

R  — c,H„  n.-c,n,.  n.-c.n„  iso-c.n„  ii' =  cn„  c,n,. 

The  ol)tained  compounds  are  oily  liquids  ranging  in  color  from  yellow  to  brown.  Some  of  them  are  color¬ 
less  oils,  insoluble  in  water  and  ether,  and  readily  soluble  in  alcohol,  benzene,  and  acetone.  The  physical  con¬ 
stants,  analysis  data  and  yields  of  the  synthesized  dialkylaminoethyl  alkyl  phosphates  and  thiophosphates  are 
given  in  the  table. 


EXPERIMENTAL 

Into  a  flask  fitted  with  a  reflux  condenser,  mechanical  stirrer  and  dropping  funnel  was  charged  0.1  mole  of 
either  6 -dimethyl-  or  6-diethylaminocthanol,  0.1  mole  of  metallic  sodium  and  60-70  ml  of  dry  benzene,  and 
the  mixture  was  heated  until  all  of  tlie  sodium  had  dissolved.  Then  the  reaction  mass  v;as  cooled  to  room  temper¬ 
ature  and  treated  slowly  (in  drops),  under  cooling,  with  an  equimolar  amount  of  the  appropriate  alkyl  or  dialkyl 
phosphate  or  thiophospkate.  The  reaction  was  exothermic  and  the  temperature  rose  to  40—45*.  To  complete 
the  reaction,  the  mixture  was  heated  on  the  boiling  water  bath  for  2  lir  and  then  was  allowed  to  stand  overnight. 
The  next  day  the  sodium  chloride  was  removed  either  by  filtration  or  by  washing  with  water.  The  benzene  so¬ 
lution  was  dried  over  anhydrous  sodium  sulfate,  the  solvent  distilled  off,  and  the  residue  was  fractionally  dis¬ 
tilled  in  vacuo. 

SUMMARY 

In  order  to  study  the  insecticidal  activity  of  some  phosphoric  and  thiophosphoric  acid  esters  we  synthesized 
10  new  compounds  with  the  general  formula: 


(no),p 


^O(S) 

^OCHjGHjNR 


&  (RO)U'Pf 

\ocii,cn,N(c,iu), 
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Dialkylaminoethyl  Alkyl  Phospliatcs  and  Dialkylaminocthyl  Alkyl  Thiophospliatcs 
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The  chlorination  of  anthraquinoncsulfonic  acids  in  dilute  hydrochloric  acid  solution  with  chlorates  leads 
to  smooth  replacement  of  the  sulfo  group  by  chlorine  [1,  21.  Of  all  of  the  methods  for  the  preparation  of  chloro- 
anihraquinones,  this  merited  has  proved  to  be  the  most  suitable  technically.  The  reaction  is  run  by  the  slow 
add  '  .  ’•  '  -102°,  of  clilcrate  solution  to  a  hydrochloric  acid  solution  of  the  antliraquinoncsulfonic  acid  salt. 

If  I'l  'ions  are  omitted,  then  the  over-all  action  of  the  chlorate  on  the  anthraquinoncsulfonic  acid 

in  acid  meuiu.r.  i..  a  be  depicted  by  the  scheme: 

KCIO34  IICl  — >  IlCIOaH-  KCI 
lICIOT-fbllCl  — >  6CI+3II.p 
nCnOsIlTSOaK  -f-GCI  — >  aCnOjIlTCl -f- 3SO3KCI 
3S03i;(:i  I- Slip  — >  .llvliso, -!-3I!C! 

3{T^{)7i7s03K.  -i-  KCIO3  +  31IC1  ->  dC^OaHjCl -t- KCI  4-3Kllsbl 

Despite  the  great  importance  of  this  reaction  for  the  production  of  chloroantliraquinoncs,  and  also  in 
analytical  practice,  to  establish  the  concentration  an.,  nature  of  the  antliraquinoncsulfonic  acid  [3],  the  reaction 
of  replacing  the  sulfo  group  by  chlorine  employing  the  technique  of  oxidative  chlorination  has  failed  to  be 
adequately  elucidated  in  tlie  scientific  literature.  Even  such  early  investigators  as  M.  A.  ll'inskii  [4]  and  W, 
Andcrau  [2]  mentioned  the  importance  of  nascent  chlorine  for  this  reaction,  but  tlie  mechanism  of  the  reaction 
and  its  general  scheme,  given  above,  failed  to  find  a  detailed  discussion  in  the  literature.  The  reaction  con¬ 
ditions,  both  on  a  technical  scale  and  analytically,  usually  require  a  consumption  of  tlie  reagents  that  is  sub¬ 
stantially  in  excess  of  theory  and,  in  addition,  large  volumes  of  the  medium  and  a  long  reaction  time.  Recent¬ 
ly  N.  S.  Dokunikhin  [5],  confirming  the  importance  of  nascent  chlorine,  advocated  the  radical  mechanism  for 
the  process  of  replacing  the  sulfo  group. in  antluraquinonesulfonic  acids. 

We  made  a  detailed  study  of  the  effect  of  various  factors  on  replacing  the  sulfo  group  in  1-antliraquinone- 
sulfonic  acid  by  chlorine.  In  contrast  to  the  technique  usually  used  in  practice  of  gradually  adding  the  chlorate 
solution  beneath  the  reaction  liquid,  we  mixed  the  boiling  hot  solutions  of  all  of  the  reagents  at  the  start  of 
the  process.  Wc  devoted  most  attention  to  the  importance  of  the  concentration  of  the  reactants  and  the  nature 
of  the  medium  for  the  chlorination  process.  To  establish  the  role  of  the  hydrochloric  acid  concentration  we 
ran  some  experiments  in  which  the  K-salt  of  1 -anthraquinoncsulfonic  acid  (1.31  g,  0.004  mole)  was  reacted 
With  potassium  chlorate  in  200  ml  of  HCl,  varying  the  normality  of  the  latter  from  0.1  to  3. ON,  which  means 


♦For  Communication  XXVII  see  Zavodskaya  L.ab.  M,  926  (1959). 
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that  the  amount  of  acid  varied  from  0,02  to  O.G  mole.  The  best  yields  of  the  chloral ntliraqui none  were  obtained 
at  an  optimum  hydrochloric  acid  concentration  of  0.7-0,9N  and  the  uscof-lOmolcsofllClpcrmolcofthcantlira- 
quinoncsiilfonic  acid.  The  dependence  of  the  chlorination  on  the  concentration  and  amount  of  HCl  is  shown  in 
Fig.  1,  An  increase  in  the  volume  of  the  solution,  wiiJi  the  concentration  of  both  the  MCI  and  die  chlorate  kept 

consuint,  i.  c„  increasing  their  amount  based  on  the  weight  of 
taken  1-anihraquinoncsulfonic  acid  salt,  favors  an  increase  in  the 
yield  of  the  chloroaniIir,aqninonc.  From  the  data  in  Table  1  it  can 
be  seen  that  at  large  IICI  concentrations,  assuring  an  adequate 
excess  of  acid,  the  difference  in  the  yields  of  the  chloroanthra- 
quinone  as  a  function  of  change  in  the  volume  of  the  mixture  be¬ 
comes  much  smaller.  Maintaining  the  amounts  of  hydrochloric 
acid  and  chlorate  constant,  but  varying  their  concentration  in  the 
solution,  leads  to  a  change  in  the  yields  of  the  chloroanihraquinone. 
Thus,  the  use  of  100  ml  of  0.7N  HCl  (0.07  mole)  per  1.31  g  of 
potassium  1-antliraquinonesulfonate  (0.004  mole)  leads  to  a  chloro- 
anthraquinone  yield  of  78.84*75,  while  the  use  of  the  same  amounts 
of  HCl  and  chlorate,  but  diluting  3.5  times  (350  ml),  reduces  the 
yield  of  the  chloroanihraquinone  to  3.2*7o.  The  rate  of  the  process 
and  the  yield  of  the  chloroantliraquinone  also  depend  on  the  con¬ 
centration  of  the  chlorate  and  its  amount  relative  to  the  anilira  - 
quinoncsulfonic  acid  and  the  hydrochloric  acid.  In  the  original 
directions  the  chlorate  was  taken  in  a  9-fold  excess  of  theory,  and 
then  later  it  was  reduced  to  a  3-fold  excess  [6].  The  data  on  the 
effect  of  varying  the  amount  of  chlorate  arc  given  in  Table  2. 

A  considerably  higher  hydrochloric  acid  concentration  is  required 
when  comparatively  small  amounts  of  chlorate  arc  taken,  and,  in 
reverse,  with  a  substantial  excess  of  the  chlorate  the  reaction  goes  with  a  hydrochloric  acid  of  lower  concen¬ 
tration.  Thus,  the  same  yield  (877o)  of  l-chloroaniliraquinonc  can  be  obtained  using  0.45N  HCl  (0.09  mole,  25- 
fold  excess)  and  0.004  mole  of  KCIO3  (3-fold  excess),  or  using  0.25N  HCl  (0.05  mole,  13-fold  excess)  and  0.032 
mole  of  KCIO3  (25-fold  excess).  As  a  result,  the  process  for  replacing  the  sulfo  group  by  chlorine  depends  on 
the  optimum  concentration  of  hydrochloric  acid  and  chlorate,  assuring  the  necessary  concentration  of  active 
chlorine,  the  rate  of  its  formation,  and  its  reaction  with  the  sulfo  group. 

Having  established  the  importance  of  the  concentration  and  amount  of  hydrochloric  acid  in  replacing  the 
sulfo  group  by  chlorine,  we  ran  a  series  of  experiments  in  which  we  studied  the  effect  of  adding  other  acids  to 
the  hydrochloric  acid  reaction  medium.  Adding  different  acids  in  constant  amount  (57.5  mg-cquiv.)  exerts  a 
variable  effect  on  the  yield  of  ilic  chloroanihraquinone  (Table  3).  A  further  increase  in  the  amount  of  any  of 
the  mineral  acids  favors  an  increase  in  the  yield  of  the  chloroantliraquinone.  Thus,  for  example,  increasing  the 
amount  of  phosphoric  acid  from  0.019  (Table  3)  to  0.19  mole  increases  the  yield  of  1 -chloroantliraquinone 
from  2G.9  to  45.570. 

The  use  of  hydrochloric  acid -sulfuric  acid  mixtures  was  studied  in  greater  detail  by  us.,  From  the  results 
of  these  experiments,  listed  in  Table  4,  it  can  be  seen  that  increasing  the  amount  and  concentration  of  the  sul¬ 
furic  acid  leads  to  a  substantial  increase  in  the  rate  of  the  process.  If  the  chloroantluaquinonc  is  not  formed 
when  the  hydrochloric  acid  concentration  is  0.5N,  then  the  addition  of  sulfuric  acid  (0.105  mole)  to  give  a 
mixed  acid  concentration  of  I.IN  already  gives  a  19.27o  yield  of  the  chloroantliraquinone.  The  beneficial  effect 
of  the  sulfuric  acid  in  such  mixtures  has  its  limit,  the  same  as  in  the  case  of  pure  hydrochloric  acid.  When  the 
sulfuric  acid  concentration  exceeds  3N  both  the  rate  of  the  process  and  the  yield  of  the  chlorainihraquinonc  begin 
to  drop.  The  over-all  equation  for  the  chlorination  reaction  in  the  presence  of  sulfuric  acid  can  be  depicted  by 
the  scheme: 

3C,402ll;S03K  H- KC103  4- 211C1  I-II0SO4  ~v  SCHO^l^f.! -1  ^KIISOi- 

An  analytical  study  of  the  reaction  solution  before  and  after  chlorination  of  the  K-salt  of  1-anthraquinonc- 
sulfonic  acid,  both  in  the  experiments  using  hydrochloric  acid  alone  and  using  hydrochloric  acid— sulfuric  acid 
mixtures,  revealed  that  the  total  acidity  of  the  medium  remained  practically  constant;  the  total  consumption  of 
liberated  chlorine  at  low  hydrochloric  acid  concentrations  (up  to  0.2N)  is  in  agreement  with  the  above  given 


0  5  1.0  15  2.0  2.5  n 

Amount  of  HCl 

Fig.  1.  Chlorination  of  l-antluaquinone- 
sulfonic  acid.  I-ffect  of  hydrochloric  acid 
concentration.  1.31  g  of  K-salt  of  1-an- 
tliraquinoncsulfonic  acid  (0.004  mole); 
0.89  g  KCIO3  (0.0073  mole);  200  ml;  1 
hour;  101®. 
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TADLH  1 


Cliloriiiation  of  l-Atulir.i(iuinoncsiilfoiuc  Acid  Wiili  Chlorate,  rffcct 
of  tlic  VoUiinc  of  llydrocliU'ric  Acid  at  ('onr-tant  Concentration  [1.31  g 
of  K-salt  of  1-antliracniinonesnlfonic  acid  (0,004  tnolc);  0.15N  and 
0.3r,N  IlCl;  KClOj  V.G  g/litcr;  2  hr;  101"] 


lic.l 
(in  ml) 

Amount  • 

Yield  of  chloroanthra- 
quinonc  (in  ^/o) 

liCl 

KCIO3 

0.15N  IICI 

100 

4 -fold 

.5 -fold 

5.81 

200 

8 -fold 

10-fold 

16.78 

600 

24- fold 

30 -fold 

38.39 

0.35N  IICI 

100 

12 -fold  1 

5 -fold 

76.87 

200 

24-fold 

10-fold 

82.96 

600 

72 -fold 

30-fold 

93.0 

TABLE  2 

Chlorination  of  l-Anthraqiiinoncsulfonic  Acid.  Effect  of  the 
Amount  of  Chlorate  [1,31  g  of  K-salt  of  l-antliraquinone*- 
sulfonic  acid  (0,004  mole);  200  ml  of  llCl;  2  lir;  lOl”] 


KCIO, 


(g) 


II  Cl 


(mole)  'normality 


For  different  IICI  concentrations 


reaction  schemes.  On  the  average,  the  con¬ 
sumption  of  chlorine  from  the  chlorate  is  54'7o 
of  the  consumption  of  chlorine  from  the  hydro¬ 
chloric  acid.  At  higher  hydrochloric  acid  con¬ 
centrations  tlie  total  chlorine  consumption  in¬ 
creases  by  10-2070. 

The  addition  of  organic  acids,  and,  in 
particular,  of  acetic  acid,  operates  in  dif¬ 
ferent  manner.  If,  at  constant  amounts  (in 
mg-cqniv.),  the  use  of  acetic  acid  gives  the 
chloroantliraquinonc  in  a  yield  that  is  1^  that 
obtained  using  phosphoric  acid,  and  1/6  that 
obtained  using  hydrochloric  acid,  then  a  further 
increase  in  the  amount  of  acetic  acid  causes 
the  yield  of  the  reaction  product  to  decrease 
even  more  (in  ’/j):  at  0.057  mole  — 13,3, 
0.035  mole  — 11.6,  and  0.21  mole- 9.3;- 
at  0.55  mole  the  chloroantltraquinone  is  no 
longer  formed.  The  acetic  acid  homologs  — 
propionic  and  n-butyric  acid— stop  the  chlo¬ 
rination  when  used  in  even  smaller  amounts. 

As  a  result,  despite  the  presence  of  hydro¬ 
chloric  acid  (0.04  mole)  in  the  reaction 
medium,  by  itself  securing  a-20.177j  yield  of 
the  chloroantliraquinonc,  the  addition  to  it  of 
various  amounts  of  carboxylic  acids  gradually 
stops  the  process  of  replacement  of  the  sulfo 
group  by  chlorine.  It  should  be  mentioned 
that  in  many  of  the  experiments  where  organic  acids  were  used,  despite  the  absence  of  a  chloroantliraquinone 
yield,  a  noticeable  evolution  of  chlorine  was  always  observed.  What  is  the  function  of  acids  in  a  hydrochloric 
i.  id  mixture?  It  is  known  that  the  sulfo  group  in  l-anthraquinonesuifonic  acid  can  be  replaced  by  chlorine  by 


0.5 

0.001 

0.03 

0.15 

0.5 

0.(M)1 

0.05 

0.25 

0.5 

0.001 

0.09 

0.15 

1.5 

0.012 

0.03 

0.15 

1.5 

0.012 

0.05 

0.25 

1.5 

0.012 

0.06 

0.30 

1.5 

0012 

0.07 

0.35 

1.5 

0.012 

0.09 

0.45 

For  constant  HCl  concentrations 


0.5 

0.001 

0.06 

0.3 

1.0 

0.008 

0.06 

0.3 

1.5 

0  012 

0  06 

0.3 

2.0 

0.016 

0.06 

0.3 

0.5 

0.001 

0.09 

0.45 

1.0 

0.008 

0  09 

0  45 

1.5 

0.012 

009 

0.45 

2.0 

0.016 

0.09 

0.15 

Yield  of 
chloro- 
anihraquinone 
(in  7'J) 


6.1 

46./il 

8.5.81 

22.75 

fAAS 

73.82 

81.32 

93.05 


51.11 
Gl./^O 
73.82 
81  60 
85  81 
9.3  05 
91. .50 
96.88 


•2clative  to  the  amount  required  by  theory. 
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TABLE  3 

Effect  of  Nature  of  Acid  on  Chlorination  of  K-salt  of  l-An- 
tluaquinoncsulfonic  Acid  [1.31  g  of  K-salt  (0.004  mole); 
0.894  g  KClOj  (0.0073  mole);  0.04  mole  HCl  (0.2N);  57.5 
mg-cquiv.  of  added  acid;  normality  of  acid  mixture  0.49N; 
200  ml;  1  hr;  lOl*] 


Acid 

Yield  of  chloro- 
antliraquinonc  (In  %) 

name 

(mole) 

20.17 

MCI 

0.057 

82.15 

IINO3 

0.057 

70.6 

II2SO4 

0.029 

55.62 

H3PO4 

0019 

26.98 

lliHOi 

0.019 

23.9 

ClIiCOOIl 

0.057 

13.26 

CClnCOOII 

0.057 

6.98 

C3lI,C0011(n.) 

0.057 

1.23 

TABLE  4 

Effect  of  Adding  Sulfuric  Acid  on  the  Chlorination  of  the  K- 
salt  of  1-Antluaquinoncsulfonic  Acid  [1.31  g  of  K-salt  (0.004 
mole);  0.894  g  KClOj  (0.0073  mole);  200  ml;  1  hr;  102*] 


liiSO«(ii)  mole) 

Total  normality  of 
acids  in  solution 

Yield  of  chloro- 
anthraquinone  (in^/o) 

For  0.01 

mole  of  hydrochloric  acid  (0.05  N)* 

0.105 

1.10 

19.20 

0.125 

1.29 

28.92 

0.201 

2.06 

77.18 

0.230 

2.35 

84.23 

0.277 

2.82 

92.81 

For  0.04 

mole  of  hydrochloric  acid  (0.2  N)** 

0.0095 

0.29 

35.21 

0.029 

0.49 

55.62 

0.0  is 

0.68  • 

68.67 

0.105 

1.25 

86.86 

0.124 

1.44 

89.41 

0.201 

.  2.21 

97.18 

0.277 

2.97 

98.22 

direct  reaction  with  gaseous  chlorine,  which 
is  passed  into  a  hydrochloric  acid  solution  of 
1-antliraquinoncsulfonic  acid  [1,  7].  However, 
here  the  chlorination  goes  slowly,  and  the  yield 
of  the  chloraantliraquinone  is  low.  Only  by 
creating  a  certain  concentration  of  active 
chlorine  in  the  solution  is  it  possible  to  effect 
a  complete  replacement  of  the  sulfo  group 
by  chlorine.  It  is  known  that  the  sulfo  group 
is  easily  replaced  by  the  active  chlorine  that 
is  liberated  when  a  hydrochloric  acid  solution 
of  the  anthraquinoncsulfonic  acid  is  exposed 
to  the  action  of  light  [8].  A  sharp  increase  in 
the  formation  rate  of  the  chloroanihraquinone 
when  using  gaseous  chlorine  in  hydrochloric 
acid  medium  is  observed  if  the  reaction  so¬ 
lution  is  exposed  to  the  illumination  from  a 
mercury -vapor  lamp,  and  finally,  the  for¬ 
mation  rate  is  increased  under  the  influence 
of  initiating  substances,  whicli  decompose 
under  the  reaction  conditions  with  the  formation 
of  free  radicals  [5],  It  should  be  mentioned 
that  the  action  of  tliese  initiators  when  chlo¬ 
rination  is  vrith  chlorate  in  hydrochloric  acid 
solution  is  manifested  to  less  degree  than  when 
reaction  is  with  gaseous  chlorine  [5].  The 
chlorate  in  itself  assures  obtaining  the  neces¬ 
sary  amount  of  active  chlorinating  agent.  In 
the  oxidative  chlorination  of  anthraquinone- 
sulfonic  acids  tlie  acidity  of  the  medium  favors 
the  formation  of  active  chlorine,  polarization 
of  the  sulfo  groups  (at  the  C-S  linkage),  and 
reaction  of  the  formed  radicals.  The  peculiar 
reactivity  of  the  sulfo  groups  in  antliraquinone- 
sulfonic  acids,  differentiating  ilicm  from  many 
aromatic  sulfonic  acids,  is  determined  in  oxi¬ 
dative  chlorination,  as  well  as  in  a  number  of 
other  reactions  (replacement  by  OH,  NO2,  etc,), 
by  the  highly  electrophilic  nature  of  the  car¬ 
bon  atom  attached  to  the  sulfo  group  (especial¬ 
ly  in  the  1-position). 


'  The  fastest  rate  for  the  reaction  of  re¬ 

placing  the  sulfo  group  by  chlorine,  observed 
•  when  the  optimum  concentration  of  hydro¬ 

chloric  acid  alone  or  in  admixture  with  other  mineial  acids  is  used,  also  depends  on  the  hydrogen-ion  concen¬ 
tration  in  the  medium  (Table  5).  The  yields  of  the  chloroantltraquinone  were  practically  the  same  in  the  experi¬ 
ments  where  the  hydrogen-ion  concentration  was  maintained  constant  while  varying  the  concentration  of  the  mix¬ 
tures  of  hydrochloric  acid  with  other  mineral  acids.  A  substantial  increase  in  the  concentration  of  the  acids  v/hen 
compared  with  the  optimum  changes  ilie  character  of  the  chlorinating  agent,  lowers  its  solubility  and  reduces 
tlic  polarization  of  ilic  sulfo  group.  Usually  a  copious  evolution  of  molecular  chlorine  is  observed  at  high  mineral 
acid  concentrations. 


•The  chloroaniluaquinone  is  not  formed  when  only  the  HCl  solution  is  used. 

•  ‘The  chloroantliraquinone  was  obtained  In  20.17%  yield  when  only  the  HCl  solution  was  used. 
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TAB  LI:  5 


l-ffcct  of  llydroyeii  Ion  Concentration  on  the  Clilorination  of  the  K-salt  of  1- 
Aniliraqninoncsnlfonic  Acid  [1.31  g  of  K-salt  of  l-anthraqninonesvilfonic  acid 
(O.OOd  mole);  O.OG  mole  of  llCl;  0.9  g  of  ICClOj  (0.0074  mole);  900  ml;  1  hr;  ‘ 
101*J 


II2S04 
(in  mole) 

Total  normality  of  acids  in  solution 

1 • 

11  -ion 

concen¬ 

tration 

(g -ion/ liter) 

Yield  of 

chloroant 
quinone 
(in  ®/o) 

Before  reaction 

After  reaction 

- 

0.302 

0.300 

0.2G9 

46.14 

0.019 

0.398 

0.400 

0.319 

46.9 

0.057 

0.588 

0.588 

0.403 

55.78 

0.095 

0.778 

0.780 

0.498 

59.78 

0.171 

1.158 

1.150 

0.727 

73.84 

TABLE  6 

Effect  of  Chloride;  and  Sulfates  on  the  Clilo- 
rinatiOii  of  i  '  u{uinonesulfonic  Acid  With 
Chlor;-'  •  -  .I'  medium  [1.31  g  of  K-salt  of 
1-antliraquinoncsulfonic  acid  (0.004  mole); 
0.894  g  of  KCIO3  (0.0073  mole);  200  ml;  1  lir; 
101°] 


Salt  1^ 

held  of  chloro- 

intliraquinone 
an  I0) _ 

formula’ 

amount 
(mole)  ( 

For  0.04 

mole  of  IICI  (0.2  N) 

— — 

21.63 

MgClj 

0.028 

32.17 

ZnCl., 

0.032 

None 

NaoS04 

0.018 

Likewise 

MfjSOi 

0.01 

ZnS04 

0.025 

* 

For  0.06 

mole  of  IICI  (0.3  N) 

_ 

56.88 

KCI  * 

0.02 

59.0 

NII4CI 

0.02 

56.61 

CaClj 

0.0 1 

58.19 

Mqr.la 

0.01 

52.2 

AK’da 

0.008 

.57.80 

CUCI2 

0.01 

29.38 

rco; 

(1.007 

S.76 

N'a^SOt 

0.01 

4.3.16 

N.ioSOi 

0.03 

None 

MgS()4 

0.0 1 

30.55 

K,SO, 

0.01 

43.80 

Z11SO4 

0.025 

None 

Ke2{S04)3 

0.003 

/I..S9 

All  that  has  been  said  above  can  be  compared 
very  successfully  with  the  dieleciTic  constant  and  the 
degree  of  dissociation  of  acids.  Tne  higher  these  con¬ 
stants  are  for  mineral  acids,  the  more  successful  is  the 
replacement  of  tire  sulfo  group  by  chlorine.  The  intro¬ 
duction  into  the  hydrochloric  acid  medium  of  organic 
acids  v.’ith  a  variable  degree  of  dissociation,  but  nearly 
v.'ith  the  same  lov/  dielectric  constant,  sharply  reduces 
the  effect  of  replacing  the  sulfo  group  by  chlorine. 

As  is  !oiov/n,  the  imroJuction  of  halogen  into 
the  antliraquinone  nucleus  and  many  of  its  derivatives 
is  frequently  effected  by  using  chlorine  in  conccn- 
U'aied  or  fuming  sulfuric  acid,  glacial  acetic  acid,  al¬ 
cohol,  carbon  disulfide,  or  nitrobenzene  [9].  A  re¬ 
distribution  of  the  electron  density  in  the  compound 
occurs  under  these  conditions,  the  sulfo  group  is  no 
longer  capable  of  being  replaced  by  the  chlorine  atom, 
and  for  this  reason  the  possibility  of  introducing  chlo¬ 
rine  into  lire  antliraquinone  nucleus  becomes  favorable, 
especially  if  substituents  are  present,  including  the 
sulfo  group  [lOj.  This  replacement  of  hydrogen  in  the 
antlutaquinone  is  made  considerably  easier  if  such  a 
substituent  as  the  hydroxy  group  is  present  [4]. 

The  presence  of  a  number  of  metal  salts  also 
exerts  an  effect  on  the  process  of  replacing  the  sulfo 
group  in  antliraquinonesulfonic  acids  by  chlorine,  ir¬ 
respective  of  whether  the  chlorination  is  with  gaseous 
chlorine  using  initiators  [5],  or  using  chlorate.  The 
chlorides  and  sulfates  of  iron,  copper,  zinc  and  man¬ 
ganese  exert  a  marked  inhibiting  effect.  The  chlorides 


of  such  metals  as  Na,  K,  Ca,  Mg  ai:d  Al,  taken  in 
amounts  up  to  5  to  10  moles  per  mole  of  antliraquinone 

s  Ifonic  acid,  either  exert  no  effect,  or  favor  an  incjrease  in  the  yield  of  1-chloroanthraquinonc  (Table  0).  The 
sulfates  of  these  metals  begin  to  show  an  inhibiting  effect  when  taken  in  amounts  of  1.5  to  2.0  moles  per  mole 
of  anihraquinonesulfonic  acid.  The  addition  of  sixlium  chloride  to  the  hydrochloric  acid  reaction  medium 
n'^ticeably  accelerates  the  chlorination  process  and  increases  the  yield  of  the  chloroanthraquinone.  This  cir- 
cutiistance  makes  it  possible  to  reduce  the  consumption  of  hydrochloric  acid  and  to  use  in  practice  a  mixture  of 
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TABLE  7 

Effect  of  Adding  NaCl  in  the  Chlo¬ 
rination  of  1-Antliraquinoncsul- 
fonlc  Acid  With  Chlorate  in  Hydro 
chloric  Acid  Medium  [1.3l  g  of 
K'Salt  of  l-antliraquino;;esulfonic 
acid  (0.004  mole);  0.894  g  of 
KClOj  (0.0073  mole);  200  ml;  1 
hr;  101*] 

Amount  of  '  icld  of  chloro- 
^  antliraquinone 

Na^(in  mole)  (in  ^/o) _ 


acid  and  common  salt  with  a  lower  corrosive  action  tlian  tliat  shown 
by  hydrochloric  acid  alone  (Table  7).  Hardly  any  influence  is  exerted 
by  sodium  cliloride  at  high  hydrochloric  acid  concentrations  (above 
0.3N). 

As  is  known,  for  the  oxidative  chlorination  of  antliraquinonc- 
sulfonic  acids  it  is  recommended  to  use  a  mixture  of  sulfuric  acid 
and  common  salt  [4].  In  many  cases  it  was  recommended  to  use  such 
a  system  for  the  purpose  of  accelerating  the  chlorination  because  of 
the  ability  to  substantially  raise  the  temperature  of  the  reaction  medi¬ 
um  up  to  110~140*  [4].  However,  M.  A.  ll'inskii  has  observed  that 
the  action  of  the  sulfuric  acid  is  not  limited  specifically  to  being  able 
to  raise  the  temperature  [4]. 


For  0.1  N  HCl  (0.02  mole) 


0.02 

0.06 


Traces 

2.10 

7.53 


For  0.2  N  HCl  (0.04  mole) 


0.014 
0.02 
0  029 
0.0.')S 
0.115 


21.6S 
31. .55 
36.67 
4.1.06 
4.5.56 
48.91 


The  experiments  on  the  chlorination  of  1.31  g  (0.004  mole)  of 
the  K-salt  of  1-anthraquinoncsulfonic  acid  for  1  hour  in  200  ml  of 
4.6N  sulfuric  acid  (0.46  mole)  solution,  containing  from  0.01  to  0.06 
mole  of  sodium  chloride,  gave  a  quantitative  yield  of  the  chloroantlira- 
quinonc.  The  sulfates  and  bisulfates  that  are  formed  here  do  not  exert 
an  inhibiting  effect  on  the  chlorination  process,  in  contrast  to  what  has 
been  said  above  for  hydrochloric  acid  alone.  It  is  expedient  to  use  a 
mixture  of  hydrochloric  and  sulfuric  acids  when  operating  with  an- 
thraquinoncsulfonic  acid  salts  contaminated  with  sulfates  and,  in  par¬ 
ticular,  in  the  analytical  characterization  of  the  former  by  the  tech¬ 
nique  of  tlieir  complete  conversion  to  chloroantliraquinones. 


For  0.3  N  HCl  (0.06  mole) 


0.02 

0.06 


56.88 

(i().82 

57.38 


Fig.  2.  Chlorination  of  l-antlira- 
quinonesulfonic  acid.  Effect  of  time. 
[1.31  g  of  K-salt  of  1-antliraquinonc- 
sulfonic  acid  (0,004  mole);  2.5  g  of 
KCIO,  (0.0204  mole);  450  ml  of  0.2N 
HCl;  101']. 

nation  of  l-antliraquinoncsulfonic  acid 


Despite  the  fact  that  in  tlic  generally  accepted  method  of  chlo¬ 
rinating  aniluaquinoncsulfonic  acids  the  hydrochloric  acid  mother 
liquor  remaining  after  separation  of  the  chloroantliraquinonc  contains 
substantial  amounts  of  hydrochloric  acid  and  chlorate,  the  reuse  of 
these  materials  is  attended  by  difficulties.  Increasing  the  concen¬ 
tration  of  mineral  salts  in  the  solution  retards  the  new  chlorination 
operation  and  lowers  both  the  yield  and  the  quality  of  the  chloro- 
antlira  quin  one.  The  use  of  mixtures  of  hydrochloric  acid  or  common 
salt  with  sulfuric  acid  for  the  chlorination  makes  it  possible  to  reuse 
the  mother  liquors.  By  adding  eiilier  hydrochloric  acid  or  common 
salt  and  chlorate  to  these  mother  liquors  until  the  original  concen¬ 
trations  are  reached,  it  becomes  possible  to  make  repeated  chlori- 
nations  without  reducing  either  the  yield  or  the  quality  of  the  formed 
chloroantliraquinone. 

The  important  factors  in  the  process  for  the  chlorination  of 
1-anthraquinoncsulfonic  acid  arc  the  time  and  the  temperature.  De¬ 
spite  the  fact  that  the  rate  of  the  process  depends  on  the  hydrochloric 
acid  concentration  (or  that  of  the  sulfuric  acid  in  acid  mixtures),  the 
dependence  of  the  chloroantliraquinonc  yield  on  the  time  has  ap¬ 
proximately  the  same  character  in  all  eases  and  is  shown  in  Fig.  2. 

By  choosing  the  optimum  conditions  and,  in  particular,  the  hydro¬ 
chloric  acid  concentration,  or  that  of  its  mixture  with  either  sulfuric 
or  phosphoric  acid,  it  becomes  possible  to  sharply  increase  the  re¬ 
action  rate  and  confine  the  time  required  fer  the  complete  chlori- 
to  1  to  2  lir. 


In  practice  the  chlorination  is  usually  run  at  the  boiling  point  of  the  hydrochloric  acid  solution,  which 
corresponds  to  100-102'.  Reducing  the  temperature  to  95'  causes  the  yield  of  l-chloroantliraquinone  to  drop 
by  a  matter  of  2.5-3  times.  At  high  hydrochloric  acid  concentrations,  securing,  as  was  indicated  above,  a 
substantial  reaction  rate,  reducing  tlic  reaction  temperature  leads  to  a  stiiallcr  reduction  iti  the  yield  of  1-chlo- 
roaniliraquinonc  (down  to  30'/o).  Reducing  the  chlorination  temperature  exerts  an  even  smaller  effect  on  the 
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TAUI.l:  8 


nffcct  of  Tcnipcratiirc  in  the  Chlorination  of  the  K-salt  of  1-An- 
lliraquinoncsulfonic  Acid  [1.81  j'  of  K-salt  of  l-anrhraqninonc- 
sulfonic  acid  (O.OOl  mole);  0.801  g  of  KClOj  (0.0073  mole); 

200  ml;  1  hr] 


Temperature 

Normality  o 

IlCl 

f  solution 

It, so, 

Yield  of  chloro- 
anthraquinonc 
(in  "/.) 

05® 

0.3 

23.8 

102 

03 

— 

50.41 

05 

0.8 

— 

66.86 

JO» 

0.8 

— 

03.8!) 

78 

0.08 

5.76 

5.25 

07 

0.08 

5.76 

06.27 

ini) 

0.08  1 

5.76 

06.34 

107 

0.08  1 

5.76 

Oi.64 

78 

0.6!) 

2.6 

4.56 

07 

1 

O.ti'J 

2.8 

S8.60 

yield  of  tlic  chloroantliraquinonc  if  hydrocliloric  acid— sulfuric  acid  mixtures  are  used.  Here  the  chlorination 
already  hi;g'.i:3  at  75-80’,  v/hercas  l-chloroantliraquinone  is  not  formed  under  tliese  conditions  in  pure  hydro¬ 
chloric  acid  medium  (Table  8). 


SUM  MARY 

1.  Tlic  process  of  replacing  the  sulfo  group  in  anthraquinonesulfonic  acids  by  chlorine  by  the  technique  of 
oxidative  chlorination  depends  on  many  factors  and,  in  particular,  on  the  concentration  of  the  hydrochloric  acid 
or  of  the  mixed  acids.  The  intensity  of  the  action  exerted  by  the  acids  added  to  the  hydrochloric  acid  solution 
depends  on  their  degree  of  dissociation  and,  in  particular,  on  the  dielectric  constant.  An  optimum  acidity  of 
tl’.c  medium  facilitates  increasing  the  active  chlorine  concentration,  leads  to  substantial  polarization  of  the  sulfo 
group  and  a  faster  rate  of  forming  the  chloroantliraquinone. 

2.  Organic  carboxylic  acids  inhibit  the  oxidative  chlorination  of  antlrraquinonesulfonic  acids. 

3.  A  study  was  made  of  the  effect  of  mineral  acids  on  the  reaction  of  replacing  the  sulfo  group  in  1-anthra- 
quinonesulfonic  acid  by  chlorine. 
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REACTION  OF  THIOUREA  WITH  N  -  (  a  -  B  ROM  O  A  C  Y  L )  AMINO  ACIDS 
I.  REACTION  OF  THIOUREA  WITH  N-(a-BROMOBUTYRYL)  GLYCINE  IN  ETHYL  AICOHOL 

/ 

A.  B.  Silacv,  V.  M.  Fedoseev,  and  V.  L.  Vasllevskll 
Moscow  State  University 

Translated  from  Zliurnal  Obshchei  Khimil,  Vol.  30,  No.  10,  pp.  3464-3468. October,  1960 
Original  article  submitted  October  5, 1959 


Interest  in  thiourea  derivatives  is  justified  by  the  high  biological  activity  shown  by  many  of  them  [  1  ].  We 
studied  the  reaction  of  thiourea  with  N-(a-bromoacyl)  amino  acids  from  the  standpoint  of  being  able  to  obtain 
the  corresponding  N-(a-isothiuroniumacyl)  amino  acids.  Such  compounds  are  not  described  in  the  literature.  Of 
the  papers  devoted  to  analogous  reactions, of  interest  are  those  where  the  reaction  of  thiourea  with  the  amides  of 
monochloroacetic  acid  is  discussed.  It  was  found  [2]  that  the  reaction  of  mono-  and  diphenylthiourea  with  amides 
of  type  ClCHjCONHR,  where  R=C6Hs  or  o-NOjCclU,  in  boiling  ethanol  gives  the  corresponding  N-substituted  pseudo 
thiohydantoins.  for  example  Cll— CO,  where  RsCgHj.  It  was  shown  [3]  that  if  NHR  was  either  the  2-amino 


Nil 


•pyridine  or  the  2-aminothiazole  moiety,  then  in  this  case  the  reaction  goes  with  the  formation  of  the  correspond 
fng  isothiuronium  compounds.  The  reaction  of  thiourea  with  N,  N-dipropyl-2-chloroacctamide  in  boiling  alco¬ 
hol  gives  pscudothiohydantoin  (86‘7'’ yield)  and  dipropylaminc  ( 74*70  yield)  [4).  Since  in  our  work  the  starting 
bromoacylamino  acids  ate  to  a  certain  degree  analogous  to  substituted  amides,  then  it  was  possible  to  postulate 
the  following  scheme  for  the  reaction; 


nCIICONllCllCOOII  4-  S=C(N1142  RCHCONIICIICOOH 

II  ‘II 

13r  11'  ((  )  SR' 

I 

jlRr.HN=C— NH2  (II) 


R_CII-CO  4-  IIRr  .  NII2CIICOOH. 


II 

Nil 

(HI) 


R' 

(IV) 


We  selected  N-(  a-bromobutyryl)  glycine  as  the  main  subject  of  study.  When  the  reaction  of  thiscompound 
with  thiourea  in  boiling  ethanol  was  studied  it  was  found  tliat  after  7  hr  the  yield  of  5-ethylpseudothiohydantoin 
(111)  is  72'’/o,  while  the  amount  of  cleaved  glycine  is  697o.  We  used  S-labelcd  thiourea  in  the  reaction,  and  the 
method  of  paper  radiochromatography  was  used  to  analyze  the  reaction  mixture.  It  proved  that  the  graph  of  the 
activity  distribution  (Fig.  1)  exhibits  a  maximum,  corresponding  to  the  substance  with  R^O.27,  not  belonging  to 
any  of  the  identified  componerits  of  the  reaction,  and  apparently  corresponding  to  N-(a-isothiuroniumbutyryl) 
glycine  (II).  However,  the  amount  of  this  substance  in  tlie  reaction  mixture  docs  not  exceed  7.5*70.  The  intro¬ 
duction  of  substituents  in  the  amino  acid  or  in  the  acyl  moiety  fails  to  alter  the  course  of  the  reaction.  Thus, 
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Products  of  tlic  Reaction  of  Some  N-fa-Uromoacyl)  amino  Acids  RCHCONIKjlllCOOll 

Dr  R* 

with  I'liiourca  in  Alcoliol  Solution 


11' 

Reaction 

time 

'in  hours) 

Reaction 

temper  - 

aturc 

H 

1G3 

170 

il 

73 

11 

7 

73 

II 

7 

7S 

Clla 

7 

73 

II 

7 

73 

K 

7 

73 

pscudoihio- 


Compounds  formed 


I  amino  acid 
]  -iiy'^lr-phroin  td.Q  (iV) 


a)  I’usiiilatcd  reaction  product,  b)  The  data  were  obtained  by  the  method  of  radio¬ 
chromatography  without  isolating  the  substances  from  the  reaction  mixture,  c)  A  + 
sign  means  that  the  substance  is  present  in  the  reaction  mixture,  while  a  -  sign  means 
that  the  substance  cculJ  not  be  detected  chromatograp’ucally.  d)  Li  this  case  the 
values  are  given  for  a  mixture  of  butanol  — acetic  acid — water,  and  in  all  of  the  other 
cases— -for  water-saturated  butanol. 


a  1000 
o 
<: 


W  20  30  00 

Of '0,27  Of  =0,35  Of  =0,70 
Length  of  chromatogram  (in  cm) 

Fig.  1.  Distribution  of  th.e  activity 
on  chromatogram  (ascending  metiiod. 
solvent  — v/ater -saturated  butanol)  3 
hr  after  the  start  of  reaction  of  thicn- 
rea-S  witli  M-(a-bromobutyryl)  gly¬ 
cine  in  boiling  ethanol.  1)  N-(a-lso- 
thinroniumbntyryl)  glycine  (postulated 
reaction  product);  2)  thiourea;  3)  5- 
c  thy  Ipse  udoliydantoin. 


when  thiourea  is  reacted  with  N-(a-bromopropioiiyl)  alanine  for  7  hr 
in  boiling  ethanol  the  yield  of  5-methylpseudothiohydantoin  is  62*^0 
and  that  of  alanine  is  bSIJo.  By  chromatography  it  was  shown  that  gly¬ 
cine  IS  cleaved  and  the  corresponding  pseudothiohydantoin  is  formed 
wlii:n  thiourea  is  reictod  whli  lI  -(c<-l'-romopropionyl)- ,  M-(ix-bromo- 
isovalcryl).  and  M-(a-bromohcxanoyl)-glycine.  Only  the  reaction 
rate  changes  if  the  reaction  is  run  at  room  temperature,  while  the 
yield  of  the  postulated  N -(a-isothiuroniumbutyryl )  glycine  fails  to 
increase. 

EXPERIMENTAL 

The  starting  N-(a-bromoacyl)  amino  acids  were  obtained  by 
the  E.  Fischer  ntetliod  [  5  ),  by  reacting  the  acid  bromides  of  the  corres¬ 
ponding  a-bromocarboxylic  acids  with  amino  acids.  The  substituted 
pseudothiohydantoins,  used  as  "witnesses"  during  chromatographing 
were  obtained  by  tlie  method  f  (5  ]  described  in  the  literature,  from 
thiourea  and  «-bromocarboxylic  acids. 


rea-S  witli  M-(a-bromobutyryl)  gly-  Reaction  of  thiourea  with  N-(a-bromobutyryl)  glycine  in  alco- 

cine  in  boiling  ethanol.  1)  N-(a-lso-  h^.  A  solution  of  3.8  g  of  thiourea  and  11.2  g  of  N-(  a-bromobutyryl) 

thiuroniumbutyryl)  glycine  (postulated  glycine  in  100  ml  of  boiling  ethanol  was  heated  under  reflux  for  7  hr. 

reaction  product);  2)  thiourea;  3)  5-  The  method  of  paper  chromatography  [paper-  Whatman  No.  I,  Type 

cthylpseudoliydantoin.  "D":  solvent  — water-saturated  butanol  or  the  organic  layer  of  a  mix¬ 

ture  of  butanol,  acetic  acid  and  water  (d ;  1 :  5);  color  reagents:  ninhy- 
drin  solution,  solution  of  benzidine  and  potassium  iodide,  Grotc  re¬ 
agent)  v/as  used  to  follow  the  course  of  tlie  reaction.  Samples  of  the  reaction  mixture  were  removed  at  hour 
intervals.  Analysis  revealed  that  immediately  after  mixing  the  starting  substances  the  reaction  mixture  contains 
5-ethylpseud()thio!iydantoin  with  R^().85  and  glycine  (R^0.20),  wliereas  for  thiourea  R^=0.S0,  and  for  (I)R^=0.75 
(butanol— acetic  acid— water).  For  water-saturated  butanol  the  R^are  respectively  equal  to  0.71,  0.05,  0.35, and 
C  80,  and,  in  addition,  there  is  a  stain  with  R^O.27.  On  conclusion  of  reaction  the  solution  was  evaporated  in  vacuo. 


The  obtained  glycine  liydrobroinidc  was  filtered,  and  the  filtrate  was  treated  with  hot  ethyl  acetate  to  extract 
the  psendothiohydantoin,  which  separated  on  subsequent  cooling  of  the  solution.  Yield  5.2  g  (727o).  The  sub¬ 
stance  was  identified  as  the  picrate. 

Found  7o:  C  35.70,  35.63;  11  3.2G,  3.16;  N  18.22,  18.16.  CuUuOgNsS.  Calculated  C  35.65;  11  2.91;  N  18.76. 

The  yield  of  glycine  after  alkalization  of  the  hydrobromfdc  was  2.6  g  (607o),  m.p.  225-  227*  (dccompn.), 
which  agrees  with  the  literature  data.  For  a  quantitative  estimate  of  tlic  change  in  the  amounts  of  the  reaction 
components  with  time  we  used  the  method  of  paper  radiochromatography. 

Radiochromatograpliic  study  of  the  reaction  of  N-(cY-bromolnityryl)-gl ycine  with  thiourea  in  alcohol  solu- 
tion.  A  mixture  of  0.M80  g  of  thiourea,  containing  S’*',  with  a  specific  activity  of  1.27x  10?  impulses /miii  per 
Ig.  and  0.-14  g  of  N-(a-bromobut)Tyl)  glycine  in  45  ml  of  ctlianol  was  heated  under  reflux  for  4  hr.  Samples 
(0.05  ml)  were  removed  at  hourly  intervals,  and  were  deposited  on  paper  strips  3  cm  wide  and  then  chromato¬ 
graphed  in  water-saturated  butanol  for  a  day.  The  dried  chromatograms  were  cut  into  lateral  strips  5  mm  wide 
and  the  activity  of  each  strip  was  measured  under  standard  conditions  using  a  block  counter.  The  statistical  error 
of  the  count  did  not  exceed  57o.  The  results  of  the  measurements  are  plotted  grapliically  in  the  coordinates:  activ¬ 
ity  vs.  distance  from  the  point  of  deposition.  The  curve  of  the  activity  showed  maxima  in  the  zones  corresponding 
to  the  sulfur-containing  components  of  the  reaction  mixture  on  the  chromatograms  (Fig.  1 ).  The  activities  cor¬ 
responding  to  each  substance  were  totaled.  The  amount  of  each  reaction  component  in  the  solution  at  any  given 
moment  was  determined  and  expressed  in  percent.  Since  the  reaction  mixture  was  homogeneous,  such  determin¬ 
ation  was  equivalent  to  determining  the  yields  of  the  substances  in  mole  percent.  The  data  on  the  amounts  of 
reaction  components  at  any  given  moment  are  plotted  in  Fig.  2.  The  amount  of  pseudothiohydantoin  steadily  in¬ 
creased  with  time  when  the  reaction  was  run  at  room  temperature  for  7  days.  The  amount  of  substance  with 
0.27  did  not  exceed  97o  and  hardly  changed  with  time  (Fig.  3). 


Fig.  2.  Change  in  composition 
of  reaction  mixture  during  re¬ 
action  of  N-(a-bromobutyryl) 
glycine  with  thiourea  in  boil¬ 
ing  ethanol  medium.  1)  Thiou¬ 
rea;  2)  5-cthylpseudothiohydan- 
loin;  3)  N-(a-isothiuronium- 
butyryl)  glycine  (postulated  re¬ 
action  product). 


Time  (in  days) 

Fig.  3.  Change  in  composition  of 
reaction  mixture  during  reaction  of 
N-(a-bromobutyryl)glycine  wiili 
thiourea  in  ethanol  medium  at  room 
temperature.  1)  Thiourea;  2)  5- 
cthylpseudothiohydantbin;  3)  N-(a- 
isotliiuroniumbutyryl)glycine. 


Reaction  of  thiourea  with  N-(of-bromopropionyl)  alanine  in  boiling  etlianol.  A  mixture  of  2.3  g  of  thiourea 
and  7  g  of  N-(a-bromopropionyl)  alanine  was  dissolved  in  100  ml  of  ethanol  and  the  solution  was  heated  under 
reflux.  After  7  hr  the  heating  was  stopped  and  the  alcoliol  was  distilled  in  vacuo.  The  residue  was  dissolved  in 
the  minimum  amount  of  water  and  then  the  solution  was  neutralized  with  2{r/oNaOH  solution,  where  a  white  cry¬ 
stalline  precipitate  of  5-mcthylpseudothiohydantoin  was  obtained.  Yield  2.5  g  (027’).  m.p.  204~20G*  (from 
water).  The  mixed  melting  point  with  the  5-mctliylpscudothiohydantoin  obtained  from  a-bromopropionic  acid 
and  thiourea  was  not  depressed.  After  removal  of  the  tliiohydantoin  precipitate,  the  filtrate  was  evaporated  to 
isolate  the  alanine.  Yield  1.6  g  m.  p.  288~  289*  (decompn.),  which  agrees  with  the  literature  data. 
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Reaction  of  thiourea  v/ltli  other  N -(o-broinoacyl)  amino  acids.  The  cliromatographlc  technique  was  used  to 
mal<c  a  (luantltailvc  study  of  reacting  ccjuivalrnt  amounts  of  thiourea  with  M-(a-bromopropionyl)-,  N-(«-bromo- 
Isovalcryl)- ,  and  N-(f^-brnniohcxanoyl)-glycinc  in  boiling  etiiaiiol.  To  Identify  tlic  reaction  products  during  chro¬ 
matographing  we  used  glycine  and  the  corresjiondlng  substituted  pscudorhloliydantoins  as  "witnesses'*.  The  results 
of  the  experiments  are  given  in  the  table. 


S  U  M  MARY 

1.  It  was  shov.'n  that  the  reaction  of  thiourea  with  N-(o-bromoacyl)  amino  acids  In  ethanol  goes  with  the 
cleavage  of  amino  acid  and  the  formation  of  the  corresponding  5-alkylpscudothlohydantolns  ( 2'lmino-4-oxo-5- 
alkylthlazolidines). 

2.  For  the  reactiott  of  thiourea  with  N-(a-bromobnt jTyl)  glycine  we  used  the  method  of  paper  radioenroma- 

tography  to  obtain  quantitative  data  on  the  amounts  of  components  in  the  reaction  mixture  at  different  periods  of 
time.  It  was  shown  that  the  formation  of  5-ethylpscudnthionydantoin  proceeds  at  a  rapid  rate.  The  amount  of 
substance  with  R^O.27,  wliich  could  be  M-(o-isothiuroniumbutyryl)  glycine,  does  not  exceed  and  falls  to  In¬ 

crease  noticeably  v;hcn  the  reaction  temperature  Is  lowered. 
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In  the  previous  communication  [  1  ]  it  was  shown  that  the  compound  formed  in  the  reaction  of  thiourea 
with  2.3-dibrornopropylamine  is  not  the  expected  2.3-diisothiuroniumpropylaminc.  Starting  with  the  analysis 
data,  and  by  analogy  with  the  chemical  behavior  of  2-iminoethylisothiuronium  [2  ].  it  was  postulated  that  the 
compound  formed  here  is  2-amino-5-isothiuroniummeihyl-A*-thlazoline  (  I),  tautomeric  with  2-imino-5-iso- 
thiuronii.Timcthylthiazolidine  {  II).  However,  the  possibility  of  forming  2-amino-5-isothiuroniumpenthiazoline 
(  III  )  under  these  conditions  was  not  excluded,  by  analogy  with  the  cyclization  of  3-aminopropylisothiuronium 
to  the  corresponding  penthiazoline  [2]. 
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To  determine  which  of  the  rings  is  formed  in  the  given  case,  we  prepared  the  most  probable  product  of  the 
reaction, namely  2-amino-5-isothiuroniummethyUhiazoline  dihydrobromide,  by  counter  synthesis,  in  accordance 
with  Scheme  1. 


Scheme  f 
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The  obtained  substance  is  completely  identical  with  the  product  obtained  from  the  reaction  of  thiourea 
with  2.3-dibromopropylamine  hydrobromidc,  which  is  confirmed  by  chromatographic  analysis  and  the  absence 
of  mixed  melting  point  depression.  As  a  result,  the  5-membered  thiazolinc  ring  is  formed  when  thiourea  is  re¬ 
acted  with  2.3-dibtomopropylamine ,  apparently  through  the  intermediate  diisothiuronium  derivative. 
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V/e  were  iiitcrcsicd  in  determining  what  effect  replacing  one  of  the  hydrogens  in  tlic  amino  group  of  •2.3* 
dibfomopropylamine  by  a  primary  alkyl  radical  would  have  on  the  cyclization.  From  an  analysis  of  the  products 
obtained  when  thiourea  was  reacted  with  H -monoalkyl -2, 3-dibrcmopropylamincs  it  was  established  that  these  pro¬ 
ducts  also  correspond  to  the  formulas  of  the  corresponding  thiazolidines.  i.e.,  replacement  of  one  hydrogen  in  the 
amino  group  by  a  primary  alkyl  radical  does  not  prevent  cyclization.  Employing  Scheme  2,  we  synthesized  a 
number  of  2-imino-3-alkyl-5-isothiuroniummcthyltliiazo:idines  as  the  dihydrobromidos  (by  analogy  v/ith  2-amino- 
-5-isothiuroniummethyhhiazolinc,  it  is  assumed  that  a  five-membered  ring  is  also  formed  in  this  case). 


Scheme  2 

r,il2--CIl-CH.2-NCS  — ^  Cll2=-Cll-Cll.,-M[2  Cll2-=r,H-C[l,-NllR  — 

CIIzUr-CIlllr-CUa-NilR  •  llBr  ^”2 

S  S  N-R  i-NII,Br 

I  \/ 

C  C 

II 

IIN  Nllj-Iinr  Nil  .  lIRr 
R  =  C.Hj,  C.H:.  C.H,.  Gilt,,.  iSO-C»H„.  . 


The  degree  of  purity  of  all  of  the  final  products  was  checked  by  p’r  -c  chromatography  (ascending  method). 
As  moving  solvent  we  used  the  organic  layer  of  the  butanol  -  v/ater-  acetic  acid  mixture,  taken  in  the  ratio 
4;  5:1,  wl-.i'.e  '  ;  :■  gent  [3  ]  wds  used  as  the  color  developer,  givin^  with  the  described  compounds  a  reddish- 
purple  stain,  ^  g  when  the  chromatograms  were  heated  to  100-120*. 


TABLE  1 

Properties  of  N-Alkylallylamines  CH2  =  CH-CHj-NHR 
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(in  °to) 
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TABLE  2 


Mydrobromides  of  N-Alkyl-2.3-dibromopropylamines 
CHaBr-CliBr-CHz-NllR 


R 

Yield  (in  I0) 
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loint 

from  the 
literature  [8] 
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TABLE  3 

DJhydrobromidcs  of  2*Imlno*3-all<yl-5-lsoiliiuronlummcthyIthiazolIdinc$ 


K 

Yield 

(in  %) 

Melting 

point 

Found  (%) 

Empirical 

formula 
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N 
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13.03.  12.99 

37.9.5,  37.90.C,oll22N'4S2nr2 

1 

EXPERIMENTAL 

Synthesis  of  2- Amino-5-isotliiuroniiimmethylthiazolinc  diliydrobrornidc.  Allyl  isothiocyanate  was  obtained 
by  the  reaction  of  allyl  bromide  with  potassium  thiocyanate  and  subsequent  isomerization  [4  ].  B.  p.  58  —  60* 

(20  mm  Hg);  yield  80.7o.  N- Allylthiourea  was  obtained  by  the  reaction  of  allyl  isothiocyanate  with  aqueous  am¬ 
monia  in  alcohol  medium  [5  ].  M.  p.  74*  (from  water);  yield  75%.  2-Amino-5-hromometliylthiazoline  hydrobro* 
mide  was  obtained  by  the  bromination  of  N-allylthiourea  in  alcohol  medium  [6].  M.  p.  137*  (from  water);  yield 
93%  R^0.70. 

A  solution  of  2,76  g  of  thiourea  and  10  g  of  2-amino-5-bromomethylthiazoline  hydrobromide  in  50  ml  of 
anhydrous  isobutyl  alcohol  was  refluxed  for  1  hour.  The  obtained  precipitate  was  filtered,  dried,  and  recrystall- 
Ized  from  a  mixture  of  methanol  and  ethanol  (1:1).  We  obtained  8.1  g  (65%)  of  white  crystalline  compound. 

M.  p.  220*;  R^  0.22. 

Found  %:  C  17.04,  17.20;  H  3.39,  3.45;  N  15.40,  15.67;  Br  45.37,  45.46.  CsHuN^SjBrz.  Calculated  %: 

C  17.05;  11  3.41;  N  15.91;  Br  45.41. 

Synthesis  of  the  dihydrobromides  of  some  2-imino-3*alkyl-5-lsothiuroniummeihylthiazolidines.  Allylamine 
was  obtained  in  80-  85%  yield  by  the  hydrolysis  of  allyl  isothiocyanate  [7  ],  The  alkylallylamines  were  obtained 
by  reacting  allylamine  with  the  appropriate  alkyl  bromides,  followed  by  fractionation  of  the  obtained  mixture  of 
alkyl  -  and  dialkylallylamines  [8  —  13].  The  properties  of  the  obtained  alkylallylamines,  already  reported  in  the 
literature,  are  given  in  Table  1.  The  hydrobromides  of  the  N-alkyl-2,3-dibromopropvlamines  were  obtained  by 
the  bromination  of  the  corresponding  alkylallylamine  hydrobromidcs  in  weakly  acid  medium  [8],  followed  by 
recrystallization  from  isopropyl  alcohol.  The  properties  of  the  obtained  dibromides  are  given  in  Table  2. 

A  mixture  of  0.05  mole  of  N-alkyl-2.3-dibromopropylamine  hydrobromide  and  0.1  mole  of  thiourea  was 
dissolved  in  70  ml  of  anhydrous  isoamyl  alcohol*  with  heating  and  then  the  solution  was  heated  under  reflux  with 
stirring  for  2—4  hr.  The  obtained  precipitate  v/as  filtered  and  then  separated  from  ammonium  bromide  by  recry¬ 
stallization  from  a  mixture  of  ethyl  acetate  and  methanol  (1:1),  and  then  from  a  mixture  of  methanol  and  pro¬ 
panol  (1*  1).  The  compounds  were  also  identified  as  the  picrates,  which  were  obtained  as  precipitates  when  the 
compounds  were  treated  with  aqueous  picric  acid  solution. 

All  of  the  obtained  thiazolidines  are  white  crystalline  compounds,  readily  soluble  in  water  and  hot  methan¬ 
ol.  and  insoluble  in  ether,  acetone,  and  chloroform.  The  properties  of  the  compounds  are  given  in  Table  3. 

SUMMARY 

1.  Experimental  proof  was  obtained  for  the  earlier  expressed  theory  tliat  the  dihydrobromide  of  2-amino-5- 
-Isothiuroniummethylihiazoline  is  formed  when  thiourea  is  reacted  with  the  hydrobromide  of  2,3-dibromopropyl- 
amine. 

2.  It  was  shown  that  cyclizatlon  also  takes  place  when  thiourea  is  reacted  v/ith  the  hydrobromidcs  of  N- 
-alkyl-2.3-dibromopropylamincs,  with  the  formation  of  the  corresponding  2-imino-3-alkyl -5-isothiuroniummcth- 
ylthiazolidines. 

*  Anhydrous  isobutyl  alcohol  was  used  in  the  case  of  N-ethyl-2,3-dibromopropylaminc, 
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3.66 

1'6M 

5.14 

13.26 

37.84 

1 

240 

36.89.  36  87 

3.74,  3.92 

C22ll2aOHNloS2 

36.93 

3.66 

3.  Five  new  S -substituted  thiourea  derivatives —  the  dihydrobromides  of  2-imino-3*alkyl-5-isothluronium- 
methylthi3zolioi.;es  —  were  synthesized. 
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Earlier  we  had  shown  that  mercuric  acetate  [1,2]  and  propionate  [3]  undergo  chain  free-radical  decarboxy¬ 
lation  when  reacted  with  peroxides  with  the  formation  of  alkylmcrcury  salts.  The  n-nonylmercury  salt  was  ob¬ 
tained  from  mercuric  dccanoate  and  decanoyl  peroxide  [4  ],  but  here  the  reaction  did  not  have  a  chain  character. 

It  seemed  of  interest  to  determine  whether  similar  processes  would  take  place  in  the  case  of  the  mercury  salts  of 
substituted  aliphatic  acids,  on  the  one  hand,  and  of  aromatic  acids,  on  the  other.  For  this  purpose  we  studied  the 
reaction  of  mercuric  monochloroacetate  with  benzoyl  and  monochloroacetyl  peroxides  and  of  mercuric  benzoate 
with  benzoyl  peroxide. 

When  mercuric  monochloroacetate  was  reacted  with  monochloroacetyl  peroxide  in  benzene  we  obtained  a 
small  amount  of  the  monochloromethylmercury  salt.  At  the  same  time  the  phenylmercury  salt  was  obtained  in 
45.0 '/c).  in  addition,  the  reaction  mixture  contained  mercurous  monochloroacetate,  unreacted  mercuric  salt,  free 
monochloroacetic  acid  and  dichloroethanc.  The  gas  was  found  to  contain  CO^,  CO  and  methyl  chloride. 

In  the  case  of  reacting  benzoyl  peroxide  with  mercuric  monochloroacetate  in  benzene  the  chloromethyl- 
mercury  salt  was  not  obtained.  Here  we  obtained  the  phenylmercury  salt,  the  yield  of  which  increased  with  in¬ 
crease  in  the  amount  of  peroxide  taken.  In  addition,  the  reaction  mixture  contained  mercurous  monochloroacetate, 
unreacied  mercuric  salt,  traces  of  metallic  mercury,  biphenyl,  benzoic  acid  and  monochloroacetic  acid.  The 
gas  contained  COj  and  traces  of  CO. 

On  the  basis  of  the  obtained  data  it  is  possible  to  theorize  that  in  the  case  of  monochloroacetyl  peroxide  a 
decarboxylation  of  the  chloroacctoxy  radical,  formed  in  the  thermal  decomposition  of  the  peroxide,  took  place. 

The  obtained  chloromcthyl  radical  reacted  in  three  directions;  it  cleaved  hydrogen,  forming  methyl  chloride, 
it  dimerized  to  dichloroethanc,  and  it  also  entered  into  radical-substitution  reaction  with  the  mercuric  mono- 
chloroacctate,  giving  the  chloromcthylmcrcury  salt. 


ClCIIjCOO  . 


C02-f  ClClIj  • 


lg(OCUCll,CI), 


CH3C1  '  (1) 

CHjClCIIzCl  (2) 

ClCHjlIgOCOCHaCl  -f  ClCIloCOO. 


(3) 


The  last  reaction  is  not  chain  in  character,  since  the  formation  of  chloromcthyl  compounds  of  mercury  was 
not  observed  in  the  reaction  with  benzoyl  peroxide.  The  formation  of  the  phenylmercury  salt  in  the  reaction  with 
monochloroacetyl  peroxide  can  be  explained  only  by  a  mercuration  of  the  benzene  by  the  mercuric  monochloro- 
aceiatc.  Actually,  the  phenylmercury  salt  was  isolated  in  substantial  yield  when  mercuric  monochloroacetate  was 
reacted  with  benzene  in  the  absence  of  peroxides.  With  benzoyl  peroxide  the  formation  of  the  phenylmercury 
salt  can  occur  both  as  the  result  of  benzene  mercuration  and  because  of  replacement  of  the  chloroacctoxy  radi- 
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c.il  of  the  salt  by  the  phenyl  radical  froni  the  peroxide.  That  the  last  rj;action  tal<es  place  is  shov/n  by  the  fact 
that  the  yield  t)f  phenylincreury  salt  is  increased  when  the  amount  of  benzoyl  peroxide  taken  for  reaction  Is  in¬ 
creased. 

The  reaction  of  mercuric  benzoate  witli  benzoyl  peroxide  in  benzene  had  been  studied  by  us  earlier  [5]; 
the  formation  ofsmallninount-sofphcnylmercurysaltv/asobscrvcd  here.  We  wore  unable  to  determine  whether  the 
phenylmercury  salt  was  formed  ar,  the  result  ol  reaction  between  peroxide  and  mercuric  benzoate  or  because  of 
mercuratiou  of  the  benzene.  To  obtain  an  answer  here,  we  employed  n- octane  and  carbon  tetrachloride  as  the 
reaction  medium  in  the  present  paper,  in  both  solvents  the  mercuric  benzoate  failed  to  react  with  the  benzoyl 
peroxide  and  was  recovered  unchanged.  In  the  case  of  n -octane  we  found  benzene  and  benzoic  acid  In  the  solu¬ 
tion,  while  in  the  case  of  carbon  tetrachloride  wc  isolated  chlorobenzene  and  benzole  acid  from  the  reaction.  In 
addition,  wc  observed  that  hexachloroethanc  v;as  formed  in  CCl.t  medium.  In  both  cases  the  gas  contained  COj 
and  traces  of  CO.  In  general  tlie  formation  of  these  products  corresponds  with  the  results  obtained  in  [6-8], 

The  mercurationof benzene  when  it  was  refluxed  with  mercuric  benzoate  could  not  be  detected. 

EXPERIMENTAL 

Mercuric  moiiochloroacctate  was  prepared  from  sodium  monochloroacetate  and  analytically  pure  mercuric 
nitrate;  m  p. 

l-ound  .!g  51.-18.  51.71.  Qill^O^ClzUg.  Calculated  1-k  llg  51.8. 

Mercuric  benzoate  v/as  prepared  from  sodium  benzoate  and  anal)ticaily  pure  mercuric  nitrate.  Monochloro- 
acctyl  chloride  was  obtained  by  the  method  of  [9];  b.p.  101-101. 5at  730  mm;  1.4510.  Monochloroacctyl  per¬ 
oxide  was  synthesized  from  monochloroacctyl  chloride  by  tb.c  modified  Vanino  method  [  10,11  ];  the  crude  per¬ 
oxide  was  dissolved  in  benzene  and  the  solution  was  dried  over  CaCl2;  the  amount  of  peroxide  in  the  solution  was 
determined  iodomctrically  just  prior  to  each  experiment.  Benzoyl  peroxide  was  prepared  and  purified  by  the  me- 
thed  of  [12].  The  thiophene-free  benzene  was  distilled  from  sodium.  "Pure’’  normal  octane  was  distilled  from 
sodium;  b.  p.  125°  at  748  rnm;  unsaturated  compounds  were  absent;  np  1.3975.  The  carbon  tetrachloride  was 
freed  of  sulfur  and  then  fractionally  distilled,  b.p.  76.5°.  The  reactions  were  run  in  the  earlier  described  appara¬ 
tus  (  ij.  A  V  IT-2  gas  analyzer  and  a  Kh-IM  chromathermographic  gas  analyzer  were  used  to  analyze  the  gas. 

Reaction  of  mercuric  monochloroacetate  with  mor.or.lilcroacctyl  peroxide  in  benzene  at  80*.  A  benzene 
solution  (52  ml)  of  monochloroacctyl  peroxide,  containing  9.5  g  (  0.051  mole)  of  pure  peroxide,  was  added  in  30 
min  to  a  heated  mixture  of  11, G5  g  (0.03  mole)  of  mercuric  monochloroacetate  and  70  ml  of  benzene.  The  heat-: 
ing  and  stirring  was  continued  for  2  hr.  The  collected  gas  analyzed  2020  ml  (  0.0902  mole  )  of  CO2  and  12.7  ml 
(  0.00057  mole)  of  CO.  The  reaction  mass  was  filtered  to  give  1.09  g  of  a  precipitate,  which  proved  to  be  mer¬ 
curous  mcnocliloroacetaie  (tests  with  NH,j  Oil,  KCl,  and  KI);  the  yield  was  12. 35*70.  The  filtrate  was  treated  \/ith 
KCl,  and  the  benzene  was  distilled  fri)m  the  mixture.  The  residue  was  treated  with  hot  water,  and  the  solution 
was  found  to  contain  4.85  g  of  free  monochloroacctic  acid.  Then  the  solution  was  extracted  W’ith  ether,  and  the 
extract  was  dried  over  CaC^  ai-.d  then  evaporated  to  dryness.  The  residue  was  rccrystallized  from  alcohol,  and 
then  from  petroleum  ether;  v/eiglit  0.05  g,  m.p.l30*.  which  corresponds  to  ClCil2ngCl;  yield  0.58'^/o.  The  portion 
insoluble  in  hot  water  was  steam-distilled.  The  still  residue  w’as  filtered  from  the  precipitate,  whicli  after  recry¬ 
stallization  from  acetone  gave  4.22  g  of  plienylmcrciiry  chloride,  m.p.  252°;  the  mixed  melting  point  with  the 
pure  substance  was  not  depressed.  Yield  45.0*^/.),  Treatment  of  the  filtrate  and  of  the  ether-cxiractcd  solution 
with  1128  gave  2.82  g  of  llgS;  yield  40.4*70. 

Wc  isolated  2.32  g  of  oil  from  the  steam  distillate,  which  was  dried  and  then  distilled,  b.p.  145-149*  at  21 
mm.  The  distillate  had  b.p.  253.5*  at  740  mm  (according  to  Sivolobov),  and  n‘®  1.5331.  Analysis  gave  in  %: 
C64.04,  64.11;  115.35,  5.79;  Cl  18.14,  18.10.  Isothinronium  picratc,  m.p.  218-220*.  The  test  for  mercury  was 
negative.  Tlic  substance  was  not  investigated  fiuther.  Tlie  benzene  that  was  distilled  from  the  re.iction  mass  v/as 
refluxed  with  0.5  g  of  thiourea.  Then  the  benzene  was  removed  by  distillation,  wliile  the  residue  was  dissolved  In 
alcoliol  and  treated  with  picric  acid.  Wc  obtained  about  0.9  g  of  Isotliiuronium  picratc  with  m.p.  250*  (corr.); 
the  mixed  melting  point  with  the  isotliiuronium  picratc  prepared  from  1,2-uichloroethane  was  not  depressed. 

In  a  separate  experiment  the  evolved  gas,  before  entering  the  gas  buret,  was  passed  througli  an  Icc-watcr 
cooled  wash  bottle,  containing  15  ml  of  alcohol.  The  flask  contents  were  treated  with  thiourea  and  picric  acid. 
We  obtained  about  0.45  g  of  S-methyllsothiuronium  picratc  v/ith  m.p.  221.5*  (corr.);  the  mixed  melting  point 


with  the  S-mcthylisoihiuronlum  picratc  prepared  from  methyl  Iodide  was  not  depressed. 

Reaction  of  mercuric  monochloroacciatc  with  benzoyl  peroxide  in  benzene  at  80*.  A  solution  of  2.47  g 
(0.01  mole,  calculated  as  1007'')  of  benzoyl  peroxide  in  40  ml  of  benzene  was  added  to  a  heated  mixture  of  11.65 
g  (0.03  mole)  of  mercuric  monochloroacetatc  and  60  ml  of  benzen  .  after  which  the  mixture  was  heated  and 
stirred  for  12  hr.  The  evolved  gas  contained  400  ml  (0.0179  mole)  of  CO2.  The  reaction  mass  was  investigated 
in  the  same  manner  as  described  above.  We  isolated  2.73  g  of  mercurous  monochloroacetatc  (SO.O'lo),  0.59  g  of 
HgS  (8.45  70.  5.62  g  of  phcnylmcrcury  chloride  (59.970.  0.48  g  of  biphenyl  and  0.43  g  of  benzole  acid.  Titration 
revealed  that  the  yield  of  free  monochloroacctic  acid  was  1.29  g.  Chloromethylmcrcury  compounds  were  not 
found. 

In  a  second  experiment  we  used  4.94  g  (0.02  mole)  of  benzoyl  peroxide.  The  gas  analyzed  821  ml  (0.0367 
mole)  of  CO2  and  4.0  ml  (0.00018  mole)  of  CO.  We  isolated  6.42  g  of  phcnylmcrcury  chloride  ( 68.47i:>)  and  0.62 
g  (8.887'’)  of  llgS  from  the  reaction  mass.  The  yield  of  mercurous  salt  was  20. 957o  (determined. as  mercurous 
chloride,  weight  1.49  g).  We  also  obtaijied  1.07  g  of  biphenyl  and  0.98  g  of  benzoic  acid.  The  amount  of  free 
monocliloroacetic  acid  was  1.52  g.  Traces  of  metallic  mercury  were  detected.  Chloromethylmcrcury  compounds 
were  not  found. 

Mcrcuration  of  benzene  with  mercuric  monochloroacetatc  at  80*.  A  mixture  of  11.65  g  (0.03  mole)  of 
mercuric  monochloroacetatc  and  100  ml  of  benzene  was  heated  under  reflux  with  stirring  for  12  hr.  Gas  evolu¬ 
tion  was  not  observed.  Using  the  above  described  procedure,  we  isolated  from  the  reaction  mass  1.52  g  (17.27<’) 
of  mercurous  monochloroacctate,  2.06  g  (21.97^)  of  phcnylmcrcury  chloride  and  4.17  g  (59.77o)  of  HgS.  Traces  of 
metallic  mercury  were  also  detected.  ‘ 

Reaction  of  mercuric  benzoate  with  benzoyl  peroxide  in  n -octane  at  97-98*.  Benzoyl  peroxide  (7.41  g; 
0.03  mole,  calculated  as  1007<?)  was  added  to  a  heated  mixture  of  13.28  g  (0.03  mole)  of  mercuric  benzoate  in 
100  ml  of  n -octane.  The  heating  and  stirring  of  the  mixture  was  continued  for  4  hr.  The  evolved  gas  analyzed 
913  ml  (0.0408  mole)  of  COj  and  traces  of  CO.  The  reaction  mass  was  filtered  to  give  12.94  g  of  a  precipitate, 
which  proved  to  be  mercuric  benzoate  (97.570  01  the  original  amount).  The  solvent  was  distilled  from  the  filtrate 
in  vacuo;  the  distillate  contained  a  trace  amount  of  unsaturated  compounds.  The  residue  was  treated  with  KCl, 
and  then  steam  was  passed  through  the  mixture.  The  residue  from  the  steam  distillation  was  filtered;  the  preci¬ 
pitate  failed  to  contain  phcnylmcrcury  compounds.  The  filtrate  was  treated  with  H2S  to  give  0.04  g  of  HgS;  yield 
0.577o.  We  isolated  1.26  g  of  benzoic  acid  from  the  steam  distillate;  m.p.  121*  (from  water);  the  mixed  melting 
point  with  the  pure  substance  was  not  depressed. 

In  a  separate  experiment  about  15  ml  of  distillate  was  removed  from  the  n-octane  solution,  after  which 
the  distillate  was  dissolved  in  CCI4  and  nitrated.  We  obtained  about  3  g  of  m-dinitrobenzene  with  m.p.  89* 

(from  methanol);  the  mixed  melting  point  with  the  pure  substance  was  not  depressed;  an  acetone  solution  of  the 
compound  gave  a  violet  color  with  KOH. 

Reaction  of  mercuric  benzoate  with  benzoyl  peroxide  in  carbon  tetrachloride  at  76*.  A  solution  of  4.94 
g  (0.02  mole,  calculated  as  ipo7o)  of  benzoyl  peroxide  in  20  ml  of  CC’^  was  added  to  a  heated  mixture  of  13.28 
g  (0.03  mole)  of  mercuric  benzoate  in  80  ml  of  CCI4.  The  heating  and  stirring  of  the  mixture  was  continued  for 
12  hr.  The  evolved  gAs  analyzed  562  ml  ( 0.0251  mole)  of  CO2  and  5.4  ml  (  0.00024  mole)  of  CO.  The  reaction 
mass  was  filtered  to  g^ivc  13.13  g  of  a  precipitate,  which  proved  to  be  mercuric  benzoate  (98.970  of  the  original 
amount).  The  solvent  was  distilled  from  the  filtrate,  and  the  distillate  was  nitrated.  We  obtained  the  6 'form  of 
2,4-dinitrochlorobcnzenc  with  m.p.  43*;  the  mixed  melting  point  with  the  substance  prepared  by  the  nitration  of 
chlorobenzene  in  CCI4  solution  was  not  depressed.  The  residue  after  distilling  off  the  solvent  was  investigated  by 
the  above  described  procedure.  We  obtained  2.03  g  of  hexachloroethane  with  m.p.  182*  (in  a  sealed  capillary) 
and  0.22  g  of  benzoic  acid,  m.p.  121*  (from  v/ater);  the  mixed  melting  point  with  the  pure  substance  was  not  de¬ 
pressed.  Phenylmercury  compounds  were  not  detected. 

Mcrcuration  of  benzene  with  mercuric  benzoate  at  80*.  A  mixture  of  13.28  g  (0.03  mole)  of  mercuric  ben 
zoatc  and  100  ml  of  benzene  was  heated  and  stirred  for  12  hr.  Gas  evolution  was  not  observed.  The  reaction 
mass  was  filtered  to  give  13.23  g  of  unreacted  mercuric  benzoate  (99.67’ of  that  taken).  Traces  of  the  mercuric 
salt  were  Isolated  from  the  filtrate  as  HgS.  Phcnylmcrcury  compounds  and  benzoic  acid  were  not  found. 
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SUMMARY 

1.  The  clnln  dccnrboxylation  of  tlic  salt  vms  not  observed  when  tnerciiric  tnonochloroncctatc  was  reacted 
whli  nionochloroacctyl  ai:d  benzoyl  peroxides. 

2.  The  f(jrriiatloii  of  trace  amounts  of  chloromcihyltncrcury  salt  was  observed  when  mercuric  monochloro' 
acetate  was  reacted  v/ith  inonochlnroacctyl  peroxide  In  benzene.  Here  the  benzene  was  mercurated  with  the 
formation  of  the  phcnylmcrcury  salt.  In  addition,  the  otlicr  reaction  products  were  the  mercurous  salt,  mono- 
chloroacetic  acid,  methyl  chloride,  dichloroethane ,  GOj  and  CO. 

3.  Tlie  plicnylmcrcury  salt,  the  mercurous  salt,  biphenyl,  benzole  acid,  monochloroacetic  acid,  CO^  and 
COwerc  Isolated. 

4.  Mercuric  benzoate  In  n -octane  or  carbon  tetrachloride  docs  net  react  with  benzoyl  peroxide;  only  the 
products  of  the  reaction  rf  the  peroxide  with  the  solvent  were  found  here. 
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SYNTHESIS  AND  STUDY  OF  SOME  ACRIDINE  CO.-iPOUNDS 
AND  THEIR  N  -OX  IDES.  I. 

N.  M.  Voronina.  Z.  V.  Pushkareva,  L.  B.  Radina, 
and  N .  V.  Babikova 

Sverdlovsk  Scientific  Research  Institute  of  Poliomyelitis  Prophylaxis 
Translated  from  Zhutnal  Obshchel  Khimil,  Vol.  30,  No.  10 
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Original  article  submitted  August  4,  1959 


It  is  know  that  many  acridine  compounds  are  physiologically  active  and  some  of  them  possess  weak  anti¬ 
virus  action  [  1  ].  as,  for  example,  proflavine  [  2  ],  trypaflavine  [  3  ]  and  2-nitro-5-aminoacridine  [4  ].  In  this 
connection  it  seemed  of  interest  to  synthesize  a  number  of  acridine  compounds  and  test  them  on  viruses,  in  par¬ 
ticular.  on  the  poliomyelitis  virus,  and  also  to  study  their  chemical  properties.  Special  attention  was  given  to  the 
N-oxidcs  of  the  acridine  series. 

The  N-oxidcs  of  the  acridine  series  were  obtained  by  the  generally  known  procedure— the  oxidation  of  the 
corresponding  acridine  bases  with  pcrbcnzoic  acid  in  chloroform  solution  [5,6  ].  The  acridine  compounds  having 
the  aliphatic  groupings:  2-hydroxy-3-dicthylaminopropylamino  and  3-diethylamino-2-mcthylbutylamino  in  the 
9  position  were  synthesized  from  the  corresponding  9-chloro  or  9-phenoxy  derivatives  and  aliphatic  amines  by 
heating  their  mixture  In  plienol  medium.  The  N-oxides  of  the  acridine  compounds  containing  9-alkylaminoalkyl- 
radicals  were  not  obtained  by  the  oxidation  of  these  bases,  but  instead  they  were  obtained  by  reacting  the  N- 
-oxides  of  the  corresponding  9-phcnoxy  derivatives  with  aliphatic  amines  in  plicnol  medium.  The  properties  of 
the  compounds,  previously  unknown  in  the  literature,  arc  given  in  the  table  (sec  footnote  to  the  table). 

Nearly  all  of  the  spthesized  acridine  bases  arc  high  melting  crystalline  compounds,  colored  cither  yellow 
or  red,  difficulty  soluble  in  water,  and  moderately  soluble  in  alcohol  or  benzene.  The  N-oxidcs  of  the  acridine 
bases  are  also  high  melting  crystalline  compounds,  having,  as  a  rule,  a  deeper  color  than  the  starting  bases.  All 
of  these  compounds,  both  the  unoxidized  acridine  bases  and  the  N-oxides,  arc  capable  of  forming  hydrochlorides, 
v/hich  are  colored  yellow  and  are  fairly  soluble  in  water. 

The  results  of  th*e  biological  testing  will  be  published  in  a  separate  communication. 

EXPERIMENTAL 

9-(3'-Dicthylamino-2*-h ydroxypropyl)  amlnoacridinc  diliydrochloride  (I).  3-Dicthylamino-2-hydroxy- 
propylaminc  (1.2  g)  was  added  to  a  hot  solution  of  2.2  g  of  phenoxyacridinc  in  3.5  g  of  phenol.  The  reaction 
mass  was  heated  on  the  boiling  water  bath  for  40  min,  then  cooled,  and  treated  with  50  ml  of  ether.  The  ether 
solution  was  washed  in  a  separatory  funnel  with  100  ml  of  lO^o  aqueous  NaOH  solution.  The  excess  ether  was 
evaporated,  while  the  residue,  a  yellow  compound,  was  recrystallized  from  anhydrous  benzene.  Wciglit  1.4  g 
(52‘7o).  m.p.  94*. 

The  free  base  was  dissolved  in  anhydrous  benzene.  The  benzene  solution  was  saturated  with  dry  hydrogen 
chloride  under  cooling.  The  hydrochloride  deposited  as  an  oil,  which  crystallized  on  standing  and  rubbing  with  a 
glass  rod. 
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Syiulicsizcd  Compounds 


K,  N 


|/\iialysis  lesults,  in 


11 


III 


IV 


U,  =  H, 

Ir,  =  -NI1CI1,CH-CH,-N/ 

I  ' 

OH  C.ll. 

Dihydrochloride 
iii  =  -oi:n,,  R,  =  H, 

C,Hi 

In,  =  -NHCII,CH-CH,-N/ 

I  \ 

OH  C.H. 


VI 


VII 


VIII 


IX 


Dihydrochloride 

R,  =  H,  R,  =  C!. 


C.H, 


R,  =  -NHCH,CH-Cn,-N/ 

1  \ 
OH 

R,  =  H.  R,=  CI,  R,  =  Cl 
N -Oxide 


R,  =  H,  u,  =  Cl.  R,  =  -OC«H, 
N -Oxide 


R,  =  -OC,H,.  R,  =  NO, 
R,  =  -OC,H, 

N -Oxide 


C,H, 


R,  =  H,  R,  =  H, 

R,  =  -NHCH-(CH,),-N/ 

CH,  C,H, 

N -Oxide  trihydrochlcride 


R,=  H,  R,=  H, 


C,H 


R,=:-NnCH,-CH-CH,-N/ 

OH  C.H 

N -Oxide  dihydrochlcride 
R,  “  II.  R|  —  ol. 

C.H 

r,=-nhch,-ch-ch,-x/ 

ill  ^c.i] 

N -Oxide  dihydrochlcride 


Mcltin  ;  noint, 
rccrysialiizatioii 
solvent,  and 
color  of  com¬ 
pound 

C 

% 

242-246'' 
Acidified  an¬ 
hydrous  me-  1 
thyl  alcohol 

Ye  How -green 

58.3 

2.39-240'' 
Anhydrous 
methyl  al- 
cohofand  ethei 
Bright  yellow 

25.0 

135—136® 
Aqueous  al¬ 
cohol 

Yellow 

31.4 

167-16S® 

12 thyl  methyl 
ketone 

Orange 

49.8 

1.50-151® 
Anhydrous  al¬ 
cohol  and 
pyridine 
Oranqe-red 

51.0 

1'55® 

Alcohol  and 
benzene 

Deep  red 

38.0 

162— ns® 

(decompn.) 

49.4 

Acidified  meth¬ 
yl  alcohol 
Bright  yellow 

225® 

43.9 

j  Acidified  meth¬ 
yl  alcohol 
^  Bright  yellow 

243-244® 

‘  Acidified  an¬ 
hydrous  meth- 
,  yl  alcohol 
Lemon  yellow 

28.7 

.  .  ;(the  calculated  values 
1; nip  1  n ca  1  ji.rc  given  in  pa r.cn tin; ses) 

formula 


C«HrON,Gl 


C„H„0N,C1 


c„u,.N,oci 


C„H,ONCl, 


C,.H„0,NC1 


C„H„O.N, 


C„H„0N,C1 


C»lIrO,N,Cl, 


Ck1I,.0,N,C1 


60.35 

(60.35) 

6.70 

(6.80) 

10.55 

(lO.GO) 

58.69 

(59.10) 

6.74 

(6.80) 

10.10 

(9.86) 

67.49 

(67.13) 

6.63 

(6.71) 

12.10 

(11.75) 

58.81 

(.59.31) 

2.73 

(2.GG) 

5.64 

(5.32) 

70.93 

(70.91) 

3.83 

(3.73) 

4.50 

(4.36) 

67.35 

(67.05' 

4.54 

(4.25) 

7.37 

(7.44) 

.57.62 

(57.3) 

6.95 

(6.98) 

9.15 

(9.12) 

58.13 

(58.20) 


53.37 

(53.07)1 


6.55 

(6.55) 


5.87 

(5.82) 


10.80 

(10.18) 


9.40 

(9.40) 
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•0 

c 

V-  S 
0  0. 

Values  of  Rj,  R2,  and  83 

Melting  point, 
recrystallizatioi 
solvent,  and 

C 

t 

Fimpirical 

\na  lysis  results,  in  ‘’/o 
[the  calculated  values 
arc  given  in  parcntlieses) 

•  E 

•5  0 

V 

1 

bolor  of  com  - 
pound 

^-4 

O' 

formula 

c 

H 

N 

X 

n,  =  -Ocn,.  R,  =  ci, 

C,H, 

It,  =  — 

Ah  c,iu 

N-Oxide  dihydrochloridc 

235-230° 
(dccompn.) 
Acidified  meth¬ 
yl  alcohol 

Yellow 

73.0' 

c„msO,N,ci, 

61.91 

(52.80) 

•5.71 

(5.80) 

8.84 

(8.80) 

Remarks.  Compound  (I)  is  known  in  the  literature.  We  obtained  it  with  m,  p,  242- 
24G*  (decompn.),  in  contrast  to  the  m.  p.  of 230" (decompn.)  given  in  the  literature  [7,  8]. 


6-Chloro-9-(3’-diethylamino-2'-hydroxypropyl)aminoacridine  (111)  was  synthesized  in  a  similar  manner, 

6-Chloro-9-phcnoxyacridinc  N-oxide  (V).  A  solution  of  1.5  g  of  6-chloro-9-phenoxyacrldInc  N-oxIde  In 
30  ml  of  chloroform  was  treated  with  a  chloroform  solution  containing  0.82  g  of  pcrbenzoic  acid.  After  standing 
for  5  hr  at  room  temperature  the  dark  red  solution  was  evaporated  to  dryness;  the  residue  was  treated  with  57o 
NM4OH.  The  precipitate  was  washed  with  ether  and  recrystallized  first  from  a  mixture  of  anhydrous  alcohol  and 
pjTidinc  (3: 1),  and  then  from  anhydrous  alcohol. 

G,9-Dichloroacridinc  N-oxide{lV)  and  2-ethoxy-G-nitro-9-phenoxyacridine  N-oxide  (VI)  were  synthe¬ 
sized  in  exactly  tlic  same  manner. 

9-(3*-Dicthylamino-2'-methylbutyl)aminoacridinc  N-oxide  trihydrochloride  (VI  1 ).  One  gram  of  9- 
-phenoxyacridinc  N-oxide  was  fused  with  phenol  and  the  obtained  melt  was  treated  with  0.6  g  of  diethylamino- 
ineihylbutylamine.  The  reaction  mass  was  heated  for  30  min  on  the  water  bath,  after  which  it  was  cooled  and 
poured  into  150  ml  of  ether.  The  ether  layer  was  washed  witli  2N  NaOH  solution.  The  residue  from  the  evapora¬ 
tion  of  the  ether  was  dried  in  a  vacuum-desiccator.  Here  the  red  oily  liquid  crptallized.  The  obtained  free 
base,  m.p.  80*.  was  dissolved  In  anhydrous  benzene.  Then  the  solution  was  treated  with  a  saturated  benzene  solu¬ 
tion  of  dry  hydrogen  chloride,  which  gave  the  hydrochloride  as  a  precipitate 

9-(3'-Dicthylamino-2*-hydroxypropyl)  aminoacridine  N-oxide  dihydrochloride  (VIll).  A  mixture  of  1.5 
g  of  9-phcnoxyacridinc  N-oxide,  3.0  g  of  phenol  and  0.75  of  3-dicthylamino-2-hydroxypropylamine  was  heated 
for  30  min  on  the  boiling  water  bath.  On  conclusion  of  reaction  the  reaction  mass  v/as  cooled  and  poured  into 
150  ml  of  absolute  ether.  The  obtained  dark  red  precipitate  was  filtered  and  then  washed  several  times  with  ether 
to  remove  traces  of  phenol.  The  obtained  free  base  was  then  allowed  to  stand  for  a  day  with  a  saturated  absolute 
ether  solution  of  dry  hydrogen  chloride. 

6-Chloro-9-( 3’-dicthylamino-2'-hydroxypropyl)  aminoacridine  N-oxide  dihydrochloride  (  IX  ).  A  mixture 
of  1  g  of  G-chloro-9-phcnoxyacridine  and  1.52  g  of  2-hydroxy-3-diethyIaminopropylamine  was  heated  on  the 
water  bath  for  3  hr.  The  dark  Bordeaux  melt  was  poured  into  200  ml  of  ether.  After  drying  in  the  air  the  product 
weighed  0.85  g  (70.57o),  and  had  m.p.  189-190*. 

The  free  base  was  covered  with  50  ml  of  anhydrous  benzene,  previously  saturated  with  hydrogen  chloride. 

Here  we  obtained  O.Gl  g  of  a  bright  yellow  precipitate  with  m.p.  234*.  After  3  rccrystallizations  from  anhydrous 
alcohol  we  obtained  0.4  g  of  substance  v/ith  m.p.  243—244*. 

2-Mcihoxy-6-chIoro-9-(3'-cliethylamino-2*-hydroxypropyl)  aminoacridine  N-oxide  dihydrochloride  (X) 
was  synthesized  in  a  completely  analogous  manner. 

2-Mcthoxy-9-(3’-dicthylamir.o-2'-hydroxypropyl)aminoacridine  dihydrochloride  (II).  Five  grams  of  2-mcthoxy 


9-chloroacridine  was  melted  with  20.0  g  of  phenol  on  tlie  boiling  water  batli  and  then  5.0  g  of  3-diethvlamino-2-hy- 
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droxypropylaniinc  was  added  to  the  obtained  melt.  After  heating  for  3  hr,  the  reaction  mass  was  poured  into  absolutely 
dry  ether.  Here  a  yellow  crystalline  precipitate  was  obtained,  v/hich  was  filtered  and  treated  with  1  N  NaOH,  The 
prodtict  was  rccrystallized  from  acetone.  Weight  3,3  g  ('17.5'’/-’),  m.'p.  90-92*.  The  free  base  was  covered  with  ab¬ 
solute  ether,  saturated  with  dry  hydrogen  chloride,  and  allowed  to  stand  overnight  at  0*. 

SUMMARY 

For  purposes  of  biological  testing  we  syntliesizcd  nine  previously  unknown  9-aminoacrIdlnc  derivatives  and 
N -oxides  of  the  acridine  scries. 
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The  literature  contains  examples  of  the  action  of  certain  acridine  derivatives  ("nitroacridine ',  "trypafla- 
vlnc",  "proflavine"  and  others)  on  several  forms  of  viruses  (grippe,  mumps,  encephalitis  and  others)  [1-3).  For 
biological  tests  on  poliomyelitis  virus  we  prepared  a  series  of  acridine  derivatives,  the  synthesis  of  which  was 
described  in  the  previous  communication  [4].  In  the  present  paper  we  present  the  results  of  a  polarographic  in¬ 
vestigation  of  these  acridine  derivatives. 

Of  the  compounds  synthesized  and  tested  only  a  few  N-oxides  of  the  acridine  series  possessed  a  weak  viru¬ 
cidal  aefion.  Assuming  that  these  substances  have  an  oxidative  action  on  viruses,  we  thought  it  would  be  inter¬ 
esting  to  carry  out  a  comparative  polarographic  study  of  acridine  N-oxidcs,  thus  making  it  possible  to  character¬ 
ize  quantitatively  the  reactivity  of  the  N-O  bond  in  compounds  of  different  chemical  structure.  The  complexity 
of  the  system  of  polarographic  waves  for  the  acridine  derivatives  necessitated  a  study  of  the  reduction  not  only  of 
the  N-oxIdes  but  also  of  the  corresponding  unoxidized  bases.  Consequently  29  derivatives  of  acridine,  of  which 
15  were  N-oxidcs,  were  reduced  polarographically. 

Method  of  polarographic  reduction  and  discussion  of  results.  The  polarograplilc  Investigation  of  the  acri¬ 
dine  derivatives  was  carried  out  witli  a  photomicropolarograph  using  Meyrovsky's  system.  Measurements  were 
made  in  acetate  (pH  4.48)  and  ammonium  (pH  9.25)  buffers.  The  solvent  was  967o  alcohol  from  which  traces  of 
aldehydes  and  ketones  were  carefully  removed.  The  concentration  of  the  substances  was  0.001  M.  The  half- 
wave  potentials  on  the  polarographic  curves  were  determined  by  a  graphical  method. 

Since  it  is  known  from  literature  data  that  acridine  and  most  of  its  derivatives  are  reduced  irreversibly  at 
the  dropping  mercury  electrode  (Hg.d.e.),  the  number  of  electrons  taking  part  in  the  reduction  reaction  cannot 
be  calculated  from  the  equation  of  the  wave;  nor  can  it  be  calculated  from  the  Ilkovich  equation  because  the 
diffusion  coefficients  for  these  compounds  are  not  known.  Hence  when  interpreting  tlic  polarograms  obtained  we 
can  only  speculate  on  the  number  ofclcctrons  participating  in  the  reduction  of  our  compounds  on  the  basis  of  the 
heights  of  the  polarographic  waves  as  compared  with  that  of  unsubstituted  acridine.  In  the  case  of  the  latter  it 
Is  known  with  certainty  that  each  wave  corresponds  to  the  addition. of  only  one  electron  [5]  (the  concentrations 
of  all  the  solutions  tested  were  identical).  The  results  obtained  are  presented  in  the  table.  The  polarograms  of 
several  acridine  derivatives  arc  depicted  in  Figures  1  and  2. 

The  data  indicate,  as  one  would  expect,  that  all  the  acridine  derivatives  tested  were  reduced  at  the  Hg,  d. 
c.  Unsubstituted  acridine  (Table,  substance  1  and  Fig.  1,  curve  1)  in  both  the  acetate  and  ammonium  buffers 
gave  two  waves  of  identical  hciglit  with  Ej  -0.56  and  -1.42  v;  -0.86  and  -1.40  v  respectively.  Data  obtained 
for  acridine  [  5  )  support  the  assumption  that  each  stage  of  the  reduction  corresponds  to  the  addition  of  only  one 
atom  of  hydrogen,  the  first  product  af  the  reduction  being  the  semiquinone,  and  the  second  acridan. 
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Results  of  Measurements  of  the  Half-Wave  Potentials  of  Derivatives  of  Acridine 


(For  each  substance  the  measured  value  at  pH  4.48  is  given  in  the  first  line,  and  at 
pH  9.25  in  the  second  line) 


No. 


5 

6 

7 

S 

9 

10 

11 

12 


Values  of  R,  Rj  and  R2  in  compounds 


Half-wave 
potential  v  (n. 
c.  e.)'^ 


1st  wave 


R  =  Ri=:R2=H 
N -Oxide 

R  =  Ri  =  Rj 


H 


R  =  Ri  =  n;  Rj  =  Cl  I 

R=  H;  Ri  =  R2  =  CI  I 

R=0Cll3;  Rx  =  H;  R2=Cl  { 
R  =  0GH3;  Ri  =  R2  =  C1  I 

R  =  002115;  Ri  =  N02;  R2  =  C1  { 

N-Oxide  / 

R=Rj=ll;  R2  =  C1  \ 

N -Oxide  f 

R  =  H;nj=R2  =  Cl  \ 

N -Oxide  / 

R  =  0CH3;  Hi  =  11;  R2  =  C1  \ 

N -Oxide  f 

R  =  00113;  Hi  =  R2  =  01  \ 

N -Oxide  / 

R  =  OO2H5;  iti  =  iN02;  R2^^01  1 


-0.50 

—0.86 

-0.80 

—1.02 

-0.57 

—0.76 

—0.51 


-0.80 

—0.71 

—0.89 

-0.58 

-0.83 

—0.29“ 

-0.44“ 

—0.75 

-0.99 

-0.70 

-0.86 

— n.76 
—0.96 

-0.60 

—0.88 

—0.28* 

-0.44* 


2nd  wave 


—1.42 

—1.40 


—1.42 

—1.39 

Merged 

with^ack 

ground 

-1.28 

—1.56 

—1.47 

—1.32 

—1.42 

-0.70 

-0.90 

-1.58 

—1.59 

—1.59 

-1.44 

—1.62 

—1.43 

—1.20 

—1.35 

—0.72 

—0.88 


Limiting  diffusion 
current,  ma® 


1st  wave 


2nd  wave 


1.08 

1.25 

3.66 

3.48 

3.50 

3.16 

3.39 


3.50 

3.66 

3.66 

2.50 
3.92 

5.41 

4.16 

7.50 

5.83 

5.50 
5.33 

5.66 
5.00 

4.83 
4.90 


1.25 

1.25 


1.33 

1.06 


1.06 

1.16 

1.28 

0.80 

1.04 

3.80 

3.75 

1.00 

1.04 

1.03 

1.20 

0.98 

1.01 

0.83 

1.33 


Waves  very  low,  sub¬ 
stance  precipitated 
during  measurement 


13 

14 

15 

16 

17 


R  =  Ri  =  II;  R2  =  OC6n5  I 

R  =  H;  Ri==01;  R2  =  OCuIl5  | 
R  =  00113;  ni=Il;  R2  =  000115  [ 

R  =  00H3;  Ri  =  01;  R2=0C6H5  { 

N -Oxide  j 

R  =  Ri=ii;  tt2~OCoR5  I 


-0.66 

—1.48 

-0.92 

—1.44 

—0.63 

—1.46 

—0.88 

—1.42 

-0.75 

-1..52 

-0.04 

—1.55 

—0.64 

—1.32 

-0.98 

—1.42 

—0.79 

Merged 

with 

back¬ 

ground 

-1.00 

-1.49 

1.33 

1.00 


l.Ol 

1.50 

1.02 

0.92 

1.02 

1.05 

3.33 


3.33 


4.16 

2.66 

3.16 
3.33 

3.05 

3.15 

2.43 

3.15 


3.00 


1 
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(Continuation) 


No,  ' 

V.ilues  of  R,  Rj  and  R2  in  compounds 

Half-wave 
potential  v  (n, 
c.  e.)*’ 

Limiting  diffusion 
current, ma^ 

1st  wave 

Ind  wave 

1st  wave  ! 

2nd  wave 

te 

N-Oxide  f 

-0.71 

—1.48 

3.33 

3.16 

n  =  ll;  n,=CI;  ll2  =  OCflH6  \ 

-0.91 

—1.40 

3.35 

2.96 

19 

N-Oxide  / 

-0.G9 

—1.32 

2.70 

3.0  ■> 

n  =00113;  Ill  =  11;  Ilj  =  006115  \ 

-0.97 

—1.38 

3.38 

2.91 

20 

N-Oxidc  / 

-0.66 

—1.32 

2.81 

2.64 

n  =  00113}  A,=CI;  n2=OOoH5  \ 

—0.86 

—1.29 

2.81 

2.50 

21 

N-Oxidc  f 

-0.24* 

—0.78 

3.18 

3.18 

n  =  002115;  =006116  1 

-0.44* 

—1.09 

3.41 

3.38 

22 

n=R,=’lI;  t 

n2=NH0H20H0ii0HoN(02H6)2  { 

-1.05 

—1.32 

0.91 

— 

Dihydrochloridc  1 

—1.07 

—1.42 

3.16 

23 

R  =  I1;  R,  =C1  f 

R2=NH01l,.0110H0H2N{02n6)8  j 

-0.87 

-1.17 

1.00 

2.91 

Dihydrochloride  1 

-0.97 

—1.30 

0.91 

2.66 

24 

R  =--=*00113;  R,  =  H  f 

R3r=NHCll20nOllCIloN(02H6)2  j 

-1.00 

—1.26 

1.01 

2.33 

Dihydrochloridc  1 

-1.01 

-1.29 

0.98 

3.15 

25 

i 

11  =  00113;  R,  =  01  { 

R,  =  Nil  Oilmen  N  11,0  Il,N{0,Hr.)9  j 

-0.89 

-1.20 

1.03 

3.33 

Dihydrochloridc  1 

—  1.04 

—1.39 

0.91 

3.16 

2G 

N-Oxidc  ■  ( 

R  =  Ui«ir; 

R2=NllCll20I10110!l2N{02ll5)2  \ 

-1.11 

_ 

6.66 

— 

Dihydrochloridc  1 

—1.12 

-1.45 

1.03 

2.66 

27 

N-Oxide 

R  =  M;  M,  =  01; 
R2=N1101l2CII0110Il2N(02H5)2 

-0.84 

—1.16 

2.56 

2.66 

Dihydrochloridc 

-1.03 

-1.31 

2.66 

2.66 

28 

N-Oxide  f 

R  =  00113;  111  =  11  1 

R2=  NH0ll2Cir011CIl2N(02ll6)2  \ 

-1.05 

— 

5.83 

— 

Dihydrochloridc  1 

-1.02 

—1.32 

2;83 

2.83 

29 

N-Oxidc  ( 

r  =  ooh3;  Ri  =  oi  I 

R2  =  N1101l2Cli011CIloN(02lf5)2  i 

-0.82 

—1.18 

2.50 

2.66 

Dihydrochloridc  1 

-1.01 

-1.28 

2.50 

2.83 

a)  This  wave  explained  by  reduction  of  nitro  group. 

b)  3rd  wave;  substance  No.  7,  at  pH  4.'18-tncrgcd  with  background,  pH'  9.25—1.29  v 
substance  No.  12.  at  pH  4.48  and  9.25-mcrgcd  witli  background;  substance  No.  21  at 
pH  4.48  •  1.19  v.  pH  9.25  -1.47  v, 

c)  3rd  wave;  substance  No.  21  at  pH  4. 48-2. GO  ma,  pH  9.25—3.15  ma. 


Fig.  1.  Polarographic  reduction  curves  for  acridine  deri¬ 
vatives  in  acetate  buffer  (pH  4.48).  1)  Acridine; 

2)  acridine  N-oxide;  3)  9-chloroacridine;  4)  9-chloro- 
acridine  N-oxlde 


+H  ♦■-fe¬ 


ll  H 


H  H 


N 

I 

M 


From  these  data  the  approximate  number  of  electrons  can  be  determined  which  participate  in  the  different 
stages  of  the  reduction  of  the  various  acridine  derivatives.  In  going  from  unsubstituted  acridine  to  9-chloroacrl- 
dine  (Table,  substance  3  and  Fig.  1,  curve  3)  the  first  wave  increases  to  almost  three  times  its  height  in  unsubstl- 
luted  acridine,  with  a  break  indicating  the  merging  of  two  waves;  the  second  wave  has  the  same  height  and  value 
of  EJ  as  tl.f  ‘'iv:  wave  in  unsubstituted  acridine.  Analysis  of  the  polarographic  curve  of  9-chloroacrldIne 
suggest'  f  .  uctlon  of  this  compound  takes  place  in  three  stages:  the  first  is  dehalogenation  of  9-chloro- 
acridinc,  and  tlion  acridine  is  reduced  to  acridan  in  two  stages.  Since  the  half-wave  potentials  for  the  reduction 
of  9-chloroacridine  and  for  the  first  stage  in  the  reduction  of  acridine  are  very  close,  a  wave  is  obtained  on  the 
polarogram  corresponding  to  the  addition  of  three  atoms  of  hydrogen  according  to  the  following  equation: 


Cl  H  H 

I  1  I  ■  --*  I  1  1-t-HCI 

and  a  second  low  wave,  corresponding  to  the  final  reduction  of  acridine  — the  semlqulnone  to  acridan  according  to 
the  equation: 


Similar  curves  were  obtained  in  the  reduction  of  other  derivatives  of  9-chloroacridlne  (Table,  substances 

3-7). 


Comparison  of  the  polarographic  reduction  results  for  acridine  and  Its  N-oxide  (Table,  substances  I  and  2, 
Fig.  1,  curves  1  and  2)  shows  that  acridine  N-oxide  cannot  give  a  wave  due  to  reduction  of  acridine  to  the  seml- 
quinone  because  the  first  process— .the  reduction  of  oxide  oxygen-takes  place  at  a  higher  potential  (-0.80  v)than 
the  first  stage  in  the  reduction  of  acridine  (-0.56  v).  Consequently,  by  the  time  the  reajction  potential  of  acri¬ 
dine  is  reached  it  will  no  longer  be  present  in  the  solution.  Reduction  of  acridine  begins  together  with  the  reduc¬ 
tion  of  oxide  oxygen,  and  the  height  of  the  wave  will  be  determined  by  the  number  of  electrons  participating  In 
both  processes.  If  it  be  assumed  that  two  electrons  take  part  in  the  reduction  of  the  N-«0  bond: 
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1)  9-Phcnoxyacridine:  2)  9-phcnoxyacridinc  N-oxide;  3)  9- 
*(2-hydroxy-3-dicthyl3mInopropylamlno)  acridine;  4)  9-(2' 
-hydroxy-3-diethylaminopropylamino)  acridine  N-oxide. 


4"  H2O, 


and  tliat  the  first  stage  in  the  reduction  of  acridine  proceeds,  as  mentioned  above,  with  one  electron  participating, 
then  the  height  of  the  first  wave  of  acridine  N-oxide  must  be  three  times  the  height  of  the  first  wave  of  acridine. 
This  agrees  with  the  experimental  data.  [The  maxim.um  diffusion  current  (Id  )  for  the  first  wave  of  acridine 
N-oxide  was  3.66  ma,  and  1.08  ma  for  acridine]. 

In  the  case  of  the  9-chloroacridine  N-oxidcs  (Table,  substances  8-12,  Fig.  1,  curve  4)  three  processes  merge 
together:  reduction  of  the  N-O  bond,  dechlorination,  and  the  first  stage  in  the  reduction  of  acridine;  therefore 
on  the  polarograms  of  these  compounds  we  see  only  two  waves,  the  first  of  v/hich  is  about  five  times  the  height 
of  the  second  (I<j  of  the  first  wave  varied  from  4.83  to  7.50  ina  and  the  second  from  0.83  to  1.33  ma  ). 


Interesting  results  were  obtained  in  the  polarographic  reduction  of  acridine  9-phenoxy  derivatives  (Table, 
substances  13-16).  All  these  compounds  gave  two  waves  on  the  polarograms:  the  first,  a  low  one,  corresponding  to 
the  addition  of  only  one  atom  of  hydrogen,  and  the  second,  2^-3  times  higher  than  the  first,  in  the  region  of  po¬ 
tential  characteristic  of  the  second  stage  in  the  reduction  of  acridine  to  acridan.  lienee,  the  following  course  of 
the  reduction  of  phcnoJty  compounds  may  be  postulated: 


1st  stage 


OCcHs 

II  OC0II5 

/OK/v 


+  H++e- 


H  OCoHr 

\/ 


II  II 

X/ 
/^X/X/X 


2nd  stage 


11  1  1 


4-  CoHbOII. 
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1  lie  polarogrims  of  the  0 iiheiioxyacridiiic  N -oxides  (Tabic,  substances  17-21  and  Fig.  2,  curve  2)  com¬ 
prise  two  definite  waves.  The  first  wave  is  about  three  times  as  higli  as  that  of  the  unoxidized  compound  ( IJ 
Increased  from  1.33  for  0-phcnoxyacridinc  to  3.33  nia  for  its  N-oxidc).  All  this  undoubtedly  indicates  that  here, 
as  in  the  case  of  9-chloroacridinc  N -oxides,  the  first  wave  is  determined  by  the  simultaneous  reduction  of  the 
N-O  bond  and  the  first  stage  in  the  reduction  of  the  acridine  system. 

Results  of  the  polarographic  reduction  of  0-( 2-hydroxy-3-diethylamlnopropylamlno)  acridines  are  given  In 
the  table  under  Nos.  22-25,  and  the  polarogram  of  the  reduction  of  0-(2-hydroxy-3-dicthylpropylamlno)  acridine 
is  shown  in  Fig.  2,  curve  3.  The  polarograrns  of  this  group  of  compounds  have  the  same  character  as  the  reduction 
curves  of  the  corresponding  9-phcnoxy  compounds:  two  similar  waves  arc  observed  on  the  polarogram—  the  first 
low  and  the  second  high,  which  indicates  that  the  course  of  the  reduction  Is  the  same  for  these  compounds.  How¬ 
ever.  in  the  case  of  the  9-all<ylaminoacridines  the  half-wave  potential  of  the  first  wave  has  a  more  negative  value 
(1- i  varied  from  -0.89  to  -1.05  v  In  the  acetate  buffer).  This  fact  supports  the  view  that  introiucing  an  alkylamlno 
group  into  position  9  of  the  acridine  system  inhibits  markedly  the  reduction  of  the  latter. 

As  would  he  expected,  with  the  N -oxides  of  9-(2-hydroxy-3-dlcthylarninopropylamlno)  acridines  (Table, 
substances  20-29  and  Fig.  2,  curve  4)  the  character  of  polarograrns  of  the  corresponding  unoxidized  compounds 
was  retained,  but  the  height  of  the  first  wave  increased  approximately  three  times. 

Thus  analysis  of  the  data  obtained  shows  that:  1)  Introduction  of  different  types  of  substituents  (chloro, 
methoxy,  nitro,  phenoxy  groups)  into  the  2,  6  and  9  positions  of  acridine  has  essentially  no  Influence  on  Its  re- 
ducibility  at  the  llg.d.e.  An  exception  Is  tlie  introduction  of  an  alkylamino  group  into  position  9,  which  inhibits 
markedly  the  reduction  of  the  acridine  system.  (In  going  from  unsubstituted  acridine  to  its  9-alkylamIno  analog 
the  half-wave  potential  changed  from  -0.56  to  -1.05  v  in  the  acetate  buffer  and  from  -0.86  to  -1.07  v  in  the 
ammonium  buffer).  In  this  connection  it  is  interesting  to  recall  that  previously  f  5  ]  a  definite  relationship  was 
established  between  the  rediicibility  of  aminoacridines  at  the  Hg.d.e.  and  their  biological  activity.  Thus,  it  was 
observed  that  the  acridines  which  are  the  most  difficult  to  reduce  are  also  the  most  biologically  active  compounds. 
The  results  obtained  with  our  compounds  are  in  complete  agreement  with  this  conclusion,  because  active  anti¬ 
microbial  substances  with  a  wide  spectrum  of  antibacterial  action  were  found  only  among  the  9-alkylaminoacrl- 
dincs  which  were  the  most  difficult  to  reduce. 

2)  On  the  other  hand,  the  data  obtained  indicate  that  the  virucidal  properties  of  acridine  N -oxides  are  con¬ 
nected  to  some  extent  with  the  oxidizing  properties  of  the  latter,  because  the  only  compounds  among  those  tested 
which  had  a  weak  action  on  poliomyelitis  virus  were  N-oxidcs  of  certain  9-alkylaminoacridines  (Table,  substances 
10  and  11)  which  were  most  easily  reduced.  However,  in  view  of  the  merging  together  of  the  reduction  of  the 

N -O  bond  and  the  first  stage  in  the  reduction  of  the  acridine  system,  and  also  in  view  of  the  lack  of  sufficient 
experimental  material,  it  is  impossible  to  draw  definite  conclusions  regarding  the  relationship  between  the  chem¬ 
ical  structure  of  acridine  N -oxides  and  their  virucidal  properties. 

3)  It  may  also  be  concluded  from  the  data  cited  that  the  values  of  the  half-wave  potentials  of  the  first 
stage  in  the  reduction  of  acridine  derivatives  are  dependent  to  a  large  extent  upon  the  acidity  of  the  medium 
(thus,  with  unsubstituted  acridine  E|  changed  from  -0,56  to  -0.86  v  when  the  pH  increased  from  4.43  to  9.25), 
while  the  second  stage  in  the  reduction  of  the  acridine  system  is  almost  independent  of  the  pH  of  the  medium. 

Finally  we  should  like  to  express  our  deep  thanks  to  L.  G,  Perets  and  O,  V.  Bichkovskil,  and  also  to  co- 
workers  in  the  immunobiological  laboratory  at  the  Sverdlovsk  Poliomyelitis  Prophylaxis  Research  Institute  for 
carrying  out  biological  tests  on  the  acridine  series  of  compounds  which  we  prepared. 

SUMMARY 

1.  Twenty-nine  derivatives  of  acridine  were  reduced  polarographically. 

2.  The  biological  activity  (antibacterial  and  virucidal  action)  of  the  acridine  series  of  compounds  appears  to 
depend  to  a  certain  extent  upon  the  reducibility  at  the  dropping  mercury  electrode. 
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* 


Esters  of  dithiophosphorlc  acids  are  insecticides  and  have  several  other  fields  of  application  f  1  ].  However, 
only  tlie  saturated  esters  of  these  acids  have  been  described,  their  synthesis  being  based  usually  on  saturatc'l  .ilcohoU 
and  phosphorus  pentasulfide  (2-G  ].  Esters  of  unsaturated  alcohols  and  dithlophosphoric  acid  have  not  been  de¬ 
scribed  in  the  literature. 


With  the  object  of  studying  them  and  of  preparing  new  compounds  of  dithlophosphoric  acid  which  mljiht 


have  insecticidal  properties  we  synthesized  O,  0*diallyldithiophosphoric  acid  (ClIj^Cll — CIl20)2P\ 
and  some  of  its  acyl  and  alkyl  derivatives. 


SII 


The  allyl  ester  of  dithlophosphoric  acid  was  prepared  by  introducing  allyl  alcohol  dropwlse  Into  a  benzene 
suspension  of  freshly  distilled  phosphorus  pentasulfide  contained  in  a  three-necked  flask  protected  from  moisture. 
The  reaction  began  at  a  bath  temperature  of  50  *  C  and  proceeded  with  the  liberation  of  hydrogen  sulfide. 


4cii2=cii-cn20ii-Kr2S6 ->  2(CH2=cn-cii20)2r/  -1-1128. 

^SII 

The  unreacted  materials  and  solvent  were  removed  and  the  oil  (91 -94.3 “Vi)  which  remained  was  purified  by 
distillation  at  10*^  mm. 

The  acid  obtained  was  acylated  and  alkylated  using  acyl  chlorides  and  alkyl  halides  In  a  benzene  medium 
in  the  presence  of  iricthylamine.  The  extent  of  the  reaction  was  determined  from  the  quantity  of  trlethylammon- 
ium  salt. 

The  derivatives  were  purified  as  described  above  for  the  acid,  and  studied.  The  results  are  presented  In  the 

table. 


SUMMARY 

1)  The  reaction  between  ally!  alcohol  and  phosphorus  pentasulfide  was  Investigated.  The  diallyl  ester  of 
dithlophosphoric  acid  was  prepared  and  studied. 

2)  Reactions  were  carried  out  between  O.  O-diallyldiihiophosphoric  acid  and  acyl  chlorides  corresponding 
to  acetic,  butyric,  isovaleric,  benzoic,  oxalic,  malonic,  succinic,  and  glutaric  acids,  and  the  alkyl  halides  — iso¬ 
butyl  bromide  and  isoamyl  bromide-as  the  result  of  which  the  corresponding  derivatives  were  prepared  and  studied. 

•  Ya,  M.  Borbulevich,  N.  E.  Zhukov,  and  L.  P.  Pilipchuk  participated  in  the  experimental  work. 
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In  1922  Ruzicka  and  Meyer  [1  ],  while  studying  the  structure  of  abictinic  acid,  prepared  abictinol  by  the 
reduction  of  methyl  abictinate.  According  to  their  data,  abictinol  was  a  liquid  boiling  at  169-172*  C  at  0.2 
mm.  A  similar  product  was  obtained  using  the  same  method  in  1933  by  Ruzicka  and  co-workers  [2],  and  in  1953 
by  Le-Van  Thoi  [3]. 

We  obtained  abictinol  in  the  form  of  a  crystalline  compound  with  m.p.  85.5-86.5*  C  by  reducing  abieilnic 
acid  (from  the  resins  of  Abies  Sibirica  Ldb.)  with  lithium  aluminum  hydride.  Its  rotary  dispersion  coefficient. 

~  2.1G)  j  v/as  very  close  to  that  of  abictinic  acid  (2.19).  Its  ultraviolet  spectrum,  like  that  of  able- 
tinic  acid, .contained  a  band  with  a  maximum  at  241  mp.  , 

These  data  convinced  us  that  abictinol  with  m.p.  85.5-86.6*  C  is  a  single  compound.  The  abictinol  of 
Ruzicka  and  Meyer  then  required  a  more  detailed  investigation.  We  decided  to  reproduce  the  conditions  employed 
by  these  aithors  in  preparing  abictinol  and  to  explain  the  properties  of  their  product  by  means  of  modern  spectro¬ 
scopic  methods. 

We  isolated  abictinic  acid  (m.p.  170-172*  C  [a]p-102*  C)  from  the  rosin  of  ordinary  pine  (Pinus  sllves- 
tris  L.)  using  Steele's  method.  This  abictinic  acid,  and  also  that  from  Siberian  fir,  formed  abictinol  with  m.p. 
85.5-86.5*  C  when  reduced  with  lithium  aluminum  hydride.  Its  p-nitrobenzoate  melted  at  130-130.5*  C. 

As  the  data  cited  in  Table  Ishow,  our  product  was  comparatively  pure  abictinic  acid. 


TABLE  1. 

Properties  of  Abictinic  Acid 


Melting 

point 

[ab 

alcohol 

^max 

Specific 

absorption 

coefficient 

Literature 

reference 

170-172° 

-102° 

241 

79.0 

In  our  experi- 

(Ig  e  4.42) 

ments 

174—175 

—11.5.6 

— 

_ 

1^1 

158 

—68 

_ 

I'l 

170.2—172.7 

—  104 

_ 

_ 

1") 

172—175 

—106 

241 

77.0 

I’J 
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TABLU  2 

Properties  of  tlic  Reduction  Products  of  Methyl  Ahietlnaie 


Boiling  point 

Literature 

(pressure  in  mm) 

reference 

1.50-155'’  {0.0.'.) 

1.5187 

(calculated  ) 

1.5100  . 

1.5391 

In  our  expert - 
nients 

109-172(0.2) 

1.5187 

-  I 

— 

Cl 

Fig.  1.  Ultr.iviolct  absorption 
spectra.  1)  Abietinic  acid; 
2)  methyl  abietinate. 


Fig.  2.  Ultraviolet  absorption  spectra. 

1)  Abietinol;  2)  product  of  reduction  of  meth¬ 
yl  abietinate  with  sodium  in  anhydrous  alcohol; 
3)  product  with  m.p.  63-65*  C  (Fraction  36-42* 
Table  3). 


The  propel  ties  of  the  methyl  abietinate  which  we  prepared  were  quite  close  to  those  of  the  methyl  ester 
described  by  Ruzicka  and  Meyer  ( 1  ].  Its  ultraviolet  spectrum  contained  the  same  band  with  a  maximum  at  241 
m;j  (Ig  c  4.22)  (see  Fig.  1). 

Reduction  of  the  methyl  ester  with  metallic  sodium  gave  an  alcohol  similar  in  properties  to  the  abietinol 
of  Ruzicka  and  Meyer  (Table  2), 

ilowevcr,  a  spectroscopic  study  showed  considerable  nonuniformity  in  the  product  (see  Fig.  2).  The  spec¬ 
trum  of  abietinol  prepared  by  Ruzicka's  method  contains  a  band  with  two  intense  maxima;  at  234  rnp  (Ig  e  4.47) 
and  at  241  nip  (Ig  f  4.43),  the  first  maximum  being  more  intense  than  the  second,  which  is  not  observed  In  the 
spectrum  of  abietinol  prepared  by  the  reduction  of  abietinic  acid  with  lithium  aluminum  hydride. 

The  infrared  spectrum  of  abietinol  prepared  by  Ruzicka's  method  differs  somewhat  from  the  spectrum  of 
abietinol  with  m.p.  85.5-86.5".  In  the  spectrum  of  Ruzicka’s  abietinol  there  is  a  band  of  weak  intensity  at  1715 
cm  ,  which  indicates  the  presence  of  impurities  containing  the  carbonyl  group.  Moreover,  bands  with  maxima 
a  1295,  970  and  915  cm  ^  had  different  intensities. 

Not  entirely  satisfied  with  these  results,  we  tried  to  purify  chromatographically  the  abietinol  product  pre¬ 
pared  by  Ruzicka's  mctliod.  By  chromatography  we  succeeded  in  separating  a  product  in  the  form  of  an  amor¬ 
phous  powder  witli  m.p.  63-65*  C. .  The  ultraviolet  spectrum  of  this  product  (band  with  maximum  at  241  mp  In 
''ig.  2)  is  similar  to  the  spectrum  of  abietinol  which  we  obtained  by  the  reduction  of  abietinic  acid  with  lithium 
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aluminum  hydride.  However,  the  intensity  of  the  band  is  mueh  less  Oog  €  4.05),  whieh  Indicates  the  presence  of 
Impurities.  Further  purification  of  the  product  to  give  a  more  satisfactory  result  was  not  carried  out. 

All  these  data  show  tliat  the  product  obtained  by  the  reduction  of  methyl  abietinate  was  not  a  pure  com¬ 
pound.  Apparently  the  prolonged  heating  with  metallic  sodium  in  an  alcoholic  medium  gave  rise  to  secondary 
reactions  which  resulted  in  contamination  of  the  product. 

EXPERIMENTAL 

Abietinic  acid  was  prepared  according  to  Steele's  method  by  boiling  a  solution  of  rosin  (1180  g)  in  glacial 
acetic  acid  (900  g)  for  two  hours.  The  resulting  solution  of  isomcrized  rosin  was  filtered  and  allowed  to  stand  In 
the  cold  for  a  day.  After  seven  recrystallizations  from  alcohol  60  g  of  abietinic  acid  with  m.p.  170-172*  ,  [alp 
-102  *C  {c  2,  alcohol)  was  obtained. 

Methyl  abietinate  was  prepared  according  to  the  directions  of  Ruzicka  and  Meyer  [1  ]  from  silver  abietinate 
and  methyl  iodide.  Yield  36.37o.  Bolling  point  176-181*  (0.1  mm),  np*®  1.5357. 


TABLE  3 


Fraction  No. 

Eluant 

Wt,  of  frac¬ 
tion  (in  mg) 

Melting  point 

1-9 

Petroleum  ether  +  benzene  (10;  1) 

30 

Liquid 

10-15 

Petroleum  ether  +  benzene  (8;  1) 

— 

— 

16-22 

Petroleum  ether  +  benzene  (  5;  1) 

40 

Liquid 

23-27 

Petroleum  ether  +  benzene  (2;  1) 

— 

— 

28-32 

petroleum  ether  +  benzene  (1:1) 

— 

— 

33-35 

Benzene 

— 

— 

36-42 

Petroleum  ether  +  ethyl  ether  (  1 ;  1) 

374 

63-65* 

43-50 

Ethyl  ether 

30 

Liquid 

The  reduction  of  methyl  abietinate  also  was  carried  out  according  to  the  direction  of  Ruzicka  and  Meyer 
using  metallic  sodium  in  anliydrous  alcohol  ( 1  ).  The  product  weighed  1.62  g  (44*70)  and  boiled  at  150-155* 

(  0.05  mm). 

Found  ‘7a;  C  83.05;  H  11.06.  C20H32O.  Calculated  C  83.27;  H  11.18 

Chromatograplhc  treatment  oi  the  product.  A  solution  containing  0.7  g  of  the  reduction  product  of  methyl 
abietinate  in  10  ml  of  petroleum  ether  was  introduced  into  a  column  filled  with  90  g  of  alumina  (neutral,  Grade 
III  activity  as  measured  by  Brockmann 's  method).  Elution  was  carried  out  first  with  a  mixture  of  petroleum  ether 
and  benzene,  and  then  with  a  mixture  of  petroleum  ether  and  diethyl  ether.  The  filtrate  was  collected  in  25  ml 
fractions.  The  chromatographic  results  are  presented  in  Table  3. 

The  reduction  of  abietinic  acid  with  lithium  aluminum  hydride  was  carried  out  as  described  in  our  previous 
communication  (  8  ]•  The  yield  of  abictinol  was  92*70,  m.p.  85.5-86.5° .  and  [  a  Jd  -132.5*  (  c  2,  alco¬ 
hol). 

Found  *70:  C  P3.47,  83.48;  H  11.14,  11,07.  Number  of  Oil's  1.14,  1.09.  CjoHjjO.  Calculated  C  83.27; 

!1  11.18.  Number  of  Oil's  1.00. 

p-Nitrohenzoate  of  abictinol.  To  a  solution  of  0.5  g  of  abictinol  in  3  ml  of  pyridine  was  added  0.5  g  of  p- 
-nitrobcnzoyl  chloride.  The  reaction  mixture  was  heated  on  a  water  bath  under  reflux  for  two  minutes.  Then 
10  ml  of  water  was  added  to  the  reaction  mixture  with  vigorous  stirring.  The  precipitate  was  separated,  treated 
with  soda  solution,  filtered  off,  and  rccrystallizcd  from  alcohol.  Yellowish,  needle-shaped  crystals  were  obtained 
weighing  0.47  g  with  m.p.  130*130.5’  ,  and  (  a  -52.08*  (  c  1 .5, acetone). 

Found*7>  :  C  73.59,  73.54;  II  7.88,  7.84.  Cj^Hj^O^N.  Calculated  *70;  C  73.93;  H  8.27. 
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SUMMARY 


It  was  shown  that  ablctinol  obtained  by  reductlng  thethyl  abletlimc  with  sodium  In  anhydrous  alcohol  Is  not 
a  pure  product. 
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An  attempt  to  obtain  sabinene  oxide  by  the  action  of  a  solution  of  hydrogen  peroxide  In  glacial  acetic  acid 
on  sabinene  has  been  described  in  the  literature  [  1  ].  Two  isomeric  glycol  anhydrides  were  separated  out  ( I  ),  one 
with  m.p.  174*  ,  [ « ]D  +  34.3*,  the  other  with  m.p.  172"  ,  (“}d1  0*.  partly  in  a  free  state  and  partly  In  the 

form  of  acetic  acid  esters.  In  neither  of  these  cases  was  the  cyclopropane  ring  preserved.  In  addition  to  these 
products  a  small  quantity  of  n-cymene  was  obtained. 


K 
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The  purpose  of  our  investigation  was  to  study  the  reaction  of  sabinene  with  peracetic  acid.  We  did  not  suc¬ 
ceed  in  obtaining  sabinene  oxide  wliich,  apparently,  is  an  unstable  compound  that  undergoes  further  change  under 
the  conditions  of  the  reaction. 

The  basic  product  (  63'7<’)  we  obtained  was  sabineneglycol  monoacctate  ( 1 1 ).  Its  structure  was  established 
by  saponification  to  the  glycol  (III)  with  b.  p.  135  -  136“  ( 6  mm  ),  d/°  1.0228,  n^®  1 .4830.  This  glycol  is 

apparently  the  stereoisomer  of  sabineneglycol  described  by  Scmmlcr  [  2  ]  with  a  b.  p.  ol  148  -  1 50*  ( 15  mm  ), 

m.p.  54*.  1.021,  n^®  j-)  1.4802,  which  was  obtained  by  the  oxidation  of  sabinene  by  potassium  permanganate. 

The  oxidation  of  the  glycol  by  meansof  lead  tetraacetate  gave  sabinaketonc  which  was  identified  by  its  scmicar- 
bazone  with  a  m.p.  of  139  -  140*.  * 

The  presence  of  the  cyclopropane  ring  in  molecules  of  sabineneglycol  monoacetate  and  sabineneglycol  is 
confirmed  by  the  fact  that  the  infrared  spectra  of  these  compounds  shows  a  band  with  a  maximum  at  3062  cm"^ 
(Fig.  1),  which,  as  is  well  known,  is  characteristic  of  the  CH2  -group  of  the  cyclopropane  ring  [3]. 

The  presence  of  a  free  primary  alcohol  group  in  the  molecule  of  sabineneglycol  monoacctate  (II ),  in  all 
probability,  is  indicated  by  a  band  in  the  infrared  spectrum  at  1044  cm**  (Fig.  2).  This  band  is  also  observed  in 
the  spectrum  of  sabineneglycol  but  is  absent  in  the  spectrum  of  sabinene. 

The  data  of  M.  S.  Malinovskii  and  A.  G.  Yudasina  [4]  give  some  confirmation  that  in  the  reaction  of  per¬ 
acetic  acid  with  sabinene  it  is  precisely  the  tertiary  alcohol  group  which  is  acetylated.  These  authors  showed  that 
in  the  reaction  of  perhenzoic  acid  with  2,2,3-trimciliylbutcnc-3.  the  monobenzoate  of  the  glycol  is  formed  instead 
of  the  corresponding  oxide;  in  the  benzoate  molecule  a  complex  ester  group  is  located  at  the  tertiary  carbon  atom. 
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Fig.  2.  Infrared  absorption  spectra  in  the  region  700-  1800  cm  \ 
1)  Sabineneglycol  monoacetate;  2)  sabineneglycol. 


Along  with  sabineneglycol  monoacetate,  in  the  reaction  of  peracetic  acid  with  sabinene,  we  obtained  two 
substances  with  smaller  yields  which,  judging  by  their  infrared  spectra,  do  not  contain  a  cyclopropane  ring. 

One  of  them  — a  compound  of  the  composition  CijIligOj  (  m.p.  143-144*  ),  containing  one  hydroxy  group 
but  no  carbonyl  group,  may  be  considered  to  have  the  structure  of  an  epoxyalcohol  (  I V  ).  The  other  substance, 
CioHjg,  is  an  unsaturated  aldehyde.  A  special  study  will  be  devoted  to  the  structure  of  these  compounds. 


EXPERIMENTAL 

Preparation  of  sahinene.  Sabinene  was  separated  from  the  oily  ester  obtained  from  wild  carrots  (Daucus 
carota  L.)  grown  in  the  Northern  Caucasus  (Zelenchukskli  region). 

B.p.  50-  50.5*  (15  mm),  d^^*  0.8496,  np^®  1.4677,  [a  Jo -84.03*. 

Oxidation  of  sabinene  by  peracetic  acid.  The  oxidation  of  sabinene  (60  g)  was  carried  out  in  dry  ether  by 
the  gradual  addition  of  an  ctlier  solution  of  peracetic  acid  containing  8.46  g  of  active  oxygen,  at  a  temperature 
of  from  -3  to  +3*.  On  completion  of  the  addition  of  the  peracetic  acid  the  reaction  mixture  was  allowed  to  stand 
at  room  temperature.  The  oxidation  was  completed  in  48  hours.  The  ether  was  driven  off  after  washing  the  re¬ 
action  product  with  a  solution  of  soda  and  water  and  drying  it  over  sodium  sulfate.  The  remaining  liquid  was 
distilled  in  vacuo.  The  results  of  the  distillation  are  shown  in  the  table. 

Investigation  of  the  third  fraction  (sabineneglycol  monoacctate).  The  third  fraction  was  subjected  to  re¬ 
peated  distillation.  29  g  sabineneglycol  monoacetate  was  obtained. 

B.  p.  123-125*  (5  mm).  d4®  1.0352,  n^  1.4686,  MRp  57.03;  calc.  57.13;  [a]D  -  33.27.*. 

Found:  C  68.22^^?,  H  9.68%,  9.60%.  Numberof  OM  groups  1.13,  1.05;  esterification  number  262.9, 

262.8.  Ci2H2o03.  calculated  C  67.89%;  11  9.49%.  Number  ol  OH  groups  1;  esterification  number  263.82. 

Rotational  dispersion;  (  a  ]  -28.0*  ,  .[at  -44.6*,  [at  -55.0*.  j— |^=1.‘J6. 

C  ^  lolc 
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No.  of 
fraction 

— 

d,** 

Yield 
in  g 

1 

68-70° 

— 30.ns° 

r.'.7io 

0.9546 

11.8 

2 

72-76 

—49.52 

1.4668 

0  0  543 

4.8 

3  . 

124-127 

-34.32 

1.4683  . 

1.0352 

36.0 

Saponification  of  sahincncplycol  monoacctate.  20  p  of  the  monoacctatc  was  heated  to  boiling  for  one 
hour  with  a  0.6  N  alcohol  solution  of  caustic  potasli  (250nil).  After  distilling  off  the  alcohol,  the  glycol  was  ex¬ 
tracted  with  ether.  The  ether  solution  was  washed  with  water  and  dried  with  sodium  sulfate.  After  removing 
the  ether,  the  residue  was  distilled  in  vacuo.  The  yield  of  sabineneglycol  was  12  g  (757<). 

B.p.  135-  136*.  (6  mm),  d<”  1.0228,  no*®  1.4830,  MR^  47.54;  calculated  47.74;  [  a  }d  -40.2*  . 

Found;  C  70.28“^’,  70.367tn  H  10.867o,  10.637o.  Number  of  OH  groups  1.95,  1.86.  CieHig02.  Calculated; 

C  70.547n  H  10.667’.  Number  of  OH  groups  2. 

Rotational  dispersion;  [  a  -30.6*  ,  la]^  -48.6*,  .  [  a  ]f 

Oxidation  of  sabincncejycol  by  lead  tetraacetate.  To  9.5  g  of  glycol  dissolved  in  100  ml  of  chloroform, 
small  portions  of  a  chloroform  solution  of  lead  tetraacetate  [24.3  g  Pb  (OCOCHg)^  in  200  ml  CHCI3]  were  added 
with  stirring.  During  the  addition  a  5-8*  increase  in  temperature  was  noted.  After  all  portions  of  the  oxi¬ 
dizer  were  added,  stirring  was  continued  for  one  hour.  Then  the  reaction  mixture  was  left  overnight..  The  oxi¬ 
dation  reaction  was  complete  in  view  of  the  fact  that  the  quantity  of  lead  diacetate  (not  soluble  in  chloroform) 
that  separated  out  corresponded  exactly  to  the  calculated  figure  (16.5  g).  The  sabinaketone  solution,  after  wash¬ 
ing  v/ith  a  solution  of  soda  and  then  with  water,  was  dried  over  sodium  sulfate.  The  yield  of  sabinaketone  v/as 
7.58  g  (987). 

B.p.  89.5  -  90*  (10  mm),  d^*®  0.9555,  nn*®  1.4682,  NIRq  40.22;  calculated  40.08;  [a  ]d+22.4*.  Data 

from  literature  [  5]:  b.p.  89*  (10.5  mm),  d/  0,9510,  n*®D  1.4676,  [ «  ]d  -24.54*. 

Found  :  C  78.207’,  77.987>,  H  19.387j,  10.207>.  C9H,40,  calculated  :  C  78.2l7o,  H  10.2l7o. 

Investigation  of  the  first  fraction.  On  chilling  the  first  fraction  (sec  table),  large  crystals  separated  out 
(1.7  g).  They  were  removed  from  the  liquid  by  filtering  in  a  Buchner  funnel.  After  rectystallization  from  ben¬ 
zene  their  m.p.  was  143  -  144* .  Repeated  crystallization  showed  no  increase  in  the  melting  point. 

Found:  C  71.157’,  71.14%,  H  10.857’,  10.847o.  Number  of  OH  groups  0.91,  1.12.  Ci^HijOj,  calculated; 

C  70.547’,  H  10.607o.  Number  of  OH  groups  1. 

After  removal  of  the  crptalline  material  the  liquid  portion  of  the  first  fraction  was  distilled. 

B.p.  74  -  76*  (at  7  mm),  d^*®  0.9681,  n^*®  1.4710. 

Found;  C  78.667^78.7770;  H  lo’.867o,  10.057o.  CioHisO..  calculated;  C  78.897o.  H  lO.SOTo. 

The  substance  CjoHigO  docs  not  contain  a  hydroxyl  group.  It  tests  positively  for  an  aldehyde  group  (silver 
mirror)  and  for  a  double  bond  (reaction  with  tetranittomethane). 

The  infrared  spectra  were  obtained  by  the  aid  of  an  IKS -12  spectrometer 


SUMMARY 


1.  The  main  product  obtained  by  the  oxidation  of  sabinene  by  peracetic  acid  was  sabineneglycol  monoace 
tate.  The  liquid  sabineneglycol  formed  by  its  saponification  is  apparently  tlic  stereoisomer  of  the  sabineneglycol 
found  by  Semmler  when  he  oxidized  sabinene  with  potassium  permanganate. 


2.  In  addition  to  sabineneglycol  monoacctatc,  the  oxidation  of  sabinene  yields  two  substances  whose  mole 
cules  do  not  contain  a  cyclopropane  ring.  One  of  these  compounds  is  an  epoxyalcoliol  whose  composition  is 
CioHig02  (m.p.  143-  144  *),  The  other  is  an  unsaturated  aldehyde  whose  composition  is 


3464 


LIT  ERATURE  CITED 


1.  G.  G.  Henderson,  A’.  Robertson,  J.  Clicm.  Soc..  123,  1819  (1023);  126,  2762  (1926). 

2.  F.  W.  Seminler,  Bcr.,  33.  1163  (1900);  35,  2077  (1902). 

3.  A.  R.  H.  Cole.  J.  Clicm.  Soc.,  p.  3807  (lOS'l). 

4.  M.  S.  Malinovskii  and  A.  G.  Yudasina,  Zh.  O.  Kh.  29,  1889  (1959).* 

5.  A.  G.  Short.  J.  Read.  J.  Chem.  Soc..  p.  1115  (1939). 


Original  Russian  pagination.  See  C,  B.  translation. 


3465 


THE  CONDENSATION  OF  LUPININIC  ACID  WITH  PIPERIDINE 

A.  S.  Sadykov,  Kh.  A.  Aslanov  and  T.  Tursunbacv 
Central  Aslan  State  University 

Translated  from  Zhurnal  Obshchci  Khimil  Vol.  30,  No.  10, 

pp.  3496-3499.  October.  1960 

Original  article  submitted  November  16,  1959 


Willstatter,  who  carried  out  the  oxidation  of  lupinine  by  chromic  acid  in  a  sulfuric  acid  solution,  was  the 
first  to  obtain  lupininic  acid  with  m.p.  of  255*.  The  author,  however,  does  not  give  the  specific  rotation  of 
the  acid  he  obtained.  Subsequently  Schopf  repeated  Willstatter *s  work  and  obtained  the  acid  in  the  form  of  its 
methyl  ester.  In  this  way  he  succeeded  in  establishing  the  fact  that,  depending  on  conditions  of  oxidation,  esters 
with  different  specific  rotations  (  [  a  from  -19.4*  to  +5.8*  )  are  formed.  By  saponification  of  the  methyl 
ether  of  lupininic  acid  with  [  or  -10.4*  the  author  obtained  the  hydrochloride  of  the  acids  with  [a  Jq  -13.1*. 


In  view  of  the  lack  of  detailed  studies  of  lupininic  acid,  we  decided  to  examine,  the  oxidation  products  of 
lupinine  by  chromic  acid  more  carefully,  before  proceeding  to  a  study  of  the  condensation  reaction  of  the  acid 
with  piperidine. 

We  oxidized  lupinine  ([a]j)-21.7*  )  by  Willstatter's  method  and  found  that  a  mixture  of  optical  isomers 

of  lupininic  acid  is  formed,  with  the  racemate  predominating.  By  utilizing  the  diffcraitial  solubility  of  the  iso¬ 
mers  in  acetone,  we  separated  from  the  mixture  approximately  18%  of  the  dextrorotatory  isomer  and  82%  of  the 
racemate. 

d-Lupininic  acid  crystallizes  from  a  mixture  of  acetone  and  water  as  glistening  needles,  m.p.  255*, 
[a]j)+55.2*.  It  is  easily  soluble  in  water,  methanol,  ethanol,  slightly  in  chloroform,  and  is  soluble  in  ace¬ 
tone  and  ether. 


d,l-Lupininic  acid  crystallizes  from  dry  acetone  in  grain-like  form,  m.p,  175*  ,  [ali)  0*.  It  is  eas¬ 
ily  soluble  in  water,  methanol,  and  ethanol,  soluble  in  acetone  only  with  difficulty  and  insoluble  in  ether. 

A  test  mixture  of  d-  and  d,l-lupininic  acids  did  not  show  a  decrease  in  melting  point.  For  a  definitive  con¬ 
firmation  of  the  idenuty  of  these  acids  we  obtained  their  ethyl  esters  and  found  that  a  mixture  of  their  picrates 
likewise  failed  to  show  a  decrease  in  melting  point. 


The  ethyl  esters  of  d-  and  d,l-lupininic  acids,  described  by  us  for  the  first  time,  have  the  following  pro¬ 
perties:  the  ester  of  d-lupininic  acid  —  125  -  130*  (10  mm),  [  a  +45.5* ,  and  the  ester  of  d,l-lupininic 

acid-b.p.  130  -  140*  ( 10  mm).  [«]£>  0*. 


The  condensation  of  lupininic  acids  with  piperidine  was  carried  out  by  the  direct  reaction  of  the  reagents 
In  tlic  presence  of  pliospliorus  pentoxide  which  yielded  crystalline  substances  of  the  composition  CisHifiONj. 
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From  d-hipininlc  acid  a  substance  was  obtained  with  mp.  240 -241*,  [a]D  +  18.7*.  It  is  easily  sol¬ 
uble  in  water  and  alcohol,  but  insoluble  in  acetone  and  ether. 

d,l-Lupininic  acid  with  piperidine  gives  two  products,  one  with  m.p,  18J3-182*.  [ «  ][>  0*,  and  the 

other  with  m.p.  238  *239’  [c<]d  +  latter  was  identical  with  the  substance  obtained  from  the 

condensation  of  d-lupininic  acid  with  piperidine. 

The  product  with  m.p.  180  -  182*  docs  not  differ  In  composition  from  the  compound  with  m.p.  240-241* 
and  there  is  no  decrease  in  melting  point  when  the  two  are  mixed.  From  this  we  came  to  the  conclusion 
that  the  substance  with  m.p.  180  -  182*  Is  the  racemate  of  the  substance  with  m.p.  240-241*. 

Incidentally  we  also  studied  the  condensation  reaction  of  the  sulfuric  acid  ester  of  luplnine*  with  piperi¬ 
dine.  VVe  succeeded  in  separating  out  a  compound  of  the  composition  CisH2j03N2S  with  m.p.  108  -  110* ,  [ «  ]D 

-21.8*. 
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By  saponifying  this  compound  with  hydrochloric  acid,  a  quantitative  yield  of  sulfuric  acid  Is  obtained, 
as  well  as  lupinine  and  piperidine. 


EXPERIMENTAL 

Lupininic  acid.  100  g  of  lupinine  ([  a  ]d  -21.7*  )  and  17  ml  of  sulfuric  acid  were  dissolved  In  200  ntl 

of  water  and  mixed  in  the  cold  with  80  g  of  chromic  anhydride  and  66  ml  of  sulfuric  acid  (d  1.84)  in  600  ml 
of  water.  The  mixture  heated  up  to  50  -  60*  and  after  standing  for  an  hour,  the  solution  became  green.  After 
briefly  boiling  the  solution,  using  a  reflux  condenser,  an  equal  quantity  of  chromic  anhydride  and  sulfuric  acid 
was  added  to  it  and  the  mixture  boiled  for  two  hours.  Excess  chromic  acid  was  reduced  by  passing  sulfur  dioxide 
through  the  solution  after  which  sulfuric  acid  and  chromium  were  precipitated  by  the  addition  of  barium  hydrox¬ 
ide.  After  filtering  off  the  liquid,  the  precipitate  was  washed  several  times  with  hot  water.  The  aqueous  solu¬ 
tion  was  evaporated  to  dryness  and  the  residue  was  treated  with  anhydrous  alcohol.  After  evaporating  the  alcohol 
90  g  (93.Tyo)  of  lupininic  acid  was  obtained  in  the  form  of  a  thick  gruel. 

d-  and  d .1-Lupininic  acids.  To  10  g  of  technical  lupininic  acid  were  added  900  ml  of  acetone  and  90  ml 
of  water.  The  mixture  was  boiled  on  the  water  bath,  with  a  reflux  condenser,  for  30  minutes.  During  this  treat¬ 
ment  the  solution  separated  into  layers  — an  acetone  solution  and  a  thick  oil.  The  water-alcohol  solution 
was  separated  from  the  oil  by  decantation,  900  ml  of  acetone  (without  water)  were  added  to  the  oil  and  the  mix¬ 
ture  was  boiled  for  30  minutes.  The  acetone  solution  which  was  obtained  was  added  to  the  water -acetone  solu¬ 
tion,  The  remaining  oil,  after  being  washed  twice  with  acetone,  solidified  after  standing  in  the  cold.  The  solid 
product  was  subjected  to  recrystallization  from  a  mixture  of  acetone  and  water,  which  was  accomplished  by  sus¬ 
pending  it  in  200  ml  of  acetone,  and  while  boiling  it  under  a  reOux  condenser,  adding  water  drop  by  drop  to  the 
suspension  until  the  solid  dissolved.  Upon  cooling  the  solution,  glistening  needle-like  crystals  of  d-lupinic  acid 
separated  out,  which,  after  being  recrystallizcd  twice  from  a  mixture  of  acetone  and  water  and  being  dried  at 
105*,  had  a  m.p.  of  255*.  Yield  14,5  g.  (cit)D  +55.2*  (in  alcohol). 

Found:  N  7.20%,  7.09%.  C10II17O2N.  Calculated :  N  7.6%. 

From  the  water-acetone  solution,  after  distillation  of  the  acetone  and  evaporation  to  dryness,  70  g  of  d- 
-lupinic  acid  were  obtained.  After  repeated  recrystallization  from  acetone  this  yielded  crystals  with  m.p.  175*. 
[a  ju  =  0’  (in  alcohol). 

Found:  N  7.4%,  7,3%.  CioHnOzN.  Calculated:  N  7.6%. 

•  In  the  Department  of  Plant  Chemistry  of  the  Central  Asian  State  University,  one  ol  us  recently  worked 
out  a  method  of  sep.Trating  a  mixture  of  anabasLne  and  lupinine  by  means  of  sulfiuic  acid  [3].  By  using  this 
—'cthod  it  is  easily  possible  to  separate  lupinine  as  a  free  base  or  as  a  sulfuric  acid  ester. 
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The  cUiyl  ester  of  d  -hipinic  acid.  To  2.6  g  of  d  -lupinic  acid,  with  cooling,  were  added  13.5  ml  of  anhydrous 
alcohol  and  5.d  ml  of  sulfuric  acid  (d  1.8*1).  The  mixture  was  heated  on  a  water  bath  with  a  reflux  condenser  for 
two  Itours.  1  he  chilled  product  of  titc  reaction  was  made  alkaline  by  treatment  with  potash  in  the  presence  of 
lee  and  tlicn  was  extract  d  with  ether.  After  drying  the  ether  solution  over  sodium  sulfate  and  distilling  off  the 
ether,  the  residue  was  distilled  in  vacuo.  B.p.  125-130*  (10  mm).  Yield  1.5  g(50.2%),  +45.5*  (in  alcohol). 

It  gave  a  crystalline  picratc  with  m.p.  151-152*  (from  water). 

Found:  N  12.79'7<»,  12.857o.  C,ill2iO,N  •  C6Mi(NO,)jOH,  calculated:  N  12.77o. 

The  ethyl  ester  of  d-lupininic  acid.  The  ester  was  obtained  by  the  same  procedure  as  In  the  case  of  the 
d-cstcr.  Frour2.f)  g  of  d,l-lupininic  acid  1.8  g  of  a  complex  ester  with  b.p.  130-140*  (10  mm),  [a]p  0* 
were  obtained.  Yield  (60.27®). 

The  ester  forms  an  oily  picratc  wliich,  on  triturating  with  water,  forms. a  powder.  After  recrystallization 
from  water  its  m.p.  was  108-110*. 

Found:  N  12.427®,  12.557®.  CuHjiOjN  •  CgHjfNOjljOH ,  calculated:  N  12.7,%. 

Condensation  of  d-lupininic  acid  with  piperidine.  A  mixture  of  2  g  of  d-lupininic  acid,  20  ml  of  piperidine 
and  7  g  of  pliosphorus  pentoxide  was  boiled  under  a  reflux  condenser  for  two  hours.  After  cooling,  the  reaction 
mixture  was  made  alkaline  by  treatment  with  potash,  and  then  extracted  first  with  ether  and  then  with  chloro¬ 
form.  The  ether  and  chloroform  extracts  were  dried  over  sodium  sulfate  and  the  solvents  distilled  off.  The 
residue  after  removing  the  ether  was  unchanged  piperidine;  after  removing  the  chloroform  there  remained  crystak 
that  were  saturated  with  oil.  Upon  treatment  with  acetone  the  oil  went  into  the  acetone  and  the  crystals  became 
colorless.  After  repeated  recrystallization  from  a  mixture  of  ether  and  anhydrous  alcohol  the  m.p.  was  240-241*; 
(aJi) +  18.7*  (in  alcoliol).  Yield  1  g  (37®). 

Found:  K  11.087®,  11.007®.  CislIzeONj,  calculated:  N  11.27®. 

Condensation  of  d-lupininic  acid  with  piperidine  was  carried  out  in  the  same  way  as  in  the  preceding  ex¬ 
periment.  From  5  g  of  d-lupininic  acid  and  30  ml  of  piperidine,  after  treatment  with  acetone,  2.62  g  (38.47®) 
of  substance  with  m.p.  of  180-182*  (from  a  mixture  of  anhydrous  alcohol  and  ether  were  obtained;  [otj^  0*. 

Found:  N  11.097®,  10.957®.  CislIzcONz.  Calculated:  N  11.27®. 

From  the  acetone  mother  solution  on  prolonged  standing  (several  days)  a  white  crystr.lline  residue  precipi¬ 
tate  which,  after  recrystallization  from  a  mixture  of  anhydrous  alcoliol  and  ether  had  a  m.p.  of  238-239*; 

( a  ]p  +17.7®.  A  mixture  of  this  with  the  condensation  product  of  d-lupininic  acid  and  piperidine  showed  no 
increase  in  the  melting  point. 

Condensation  of  the  sulfuric  acid  ester  of  lupinine  with  piperidine.  A  mixture  of  16  g  of  the  sulfuric 
acid  ester  of  lupinine  (f  o  ]□  -13.0°)  and  35  ml  of  piperidine  was  boiled  under  a  reflux  cendenser  for  10  hours. 
After  cooling  and  alkalizing,  tlie  reaction  products  were  extracted  first  witli  ether  and  then  with  chloroform.  The 
ether  yielded  unchanged  piperidine  and  the  chloroform  extract  — after  recrystallization  from  acetone— gave  cry¬ 
stals  with  m.p.  108  -  110°:  [  a  ]p)  -21.81*.  Yield  17  g  (83.7  7®). 

Found:  C  57.557®,  57.527®;  H  9.507®,  9.027®;  S  10.007®,  10.157®.  CisHjgOaNjS ,  calculated  :  C  57.007®,  H  8.97®, 
S  10.17®. 

A  picratc  with  m.p.  215*  (from  alcohol)  was  formed. 

Saponification  of  the  condensation  product.  0.6  g  of  the  condensation  product  of  the  sulfuric  acid  ester 
of  lupinine  wiili  piperidine  was  dissolved  in  20  ml  of  57® hydrochloric  acid  and  heated  for  10  hours.  Sulfuric 
acid  was  separated  from  the  reaction  product  by  the  addition  of  barium  hydroxide  (quantitatively).  The  barium 
sulfate  was  filtered  off,  washed  with  water,  calcined  and  v/cighed.  0.4415  g  of  barium  sulfate  was  obtained, 
which  corresponds  with  one  mole  of  sulfuric  acid.  The  filtrate  was  saturated  with  potash  and  then  extracted 
with  ether.  After  drying  over  sodium  sulfate  and  removal  of  ctlicr,  the  residue  began  to  crystallize  (it  had  a 
strong  smell  of  piperidine).  Lupinine,  purified  by  recrystallization  from  petroleum  ether,  has  a  m.p.  of  68  -69’ 

C.  Yield  0.27  g  (63.07®).  A  mixture  of  this  material  with  lupinine  gave  no  depression  of  the  melting  point. 
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SUMMARY 


1)  The  oxidation  of  lupinlne  by  chromic  acid  was  studied.  For  the  first  time  It  has  been  shown  that  along 
witli  d-Inpininic  acid,  Its  racemate  is  also  produced. 

2)  The  ethyl  ester  of  d-lupinlnic  and  d,l-luplnlnlc  acids  were  obtained  and  characterized. 

3)  The  condensation  of  piperidine  with  d-  and  d,l-luplninlc  acids  was  studied.  It  was  found  that,  under 
the  given  reaction  conditions,  the  1-lsomer  of  the  condensation  product  was  converted  Into  the  d-lsomer. 

4)  The  condensation  of  the  sulfuric  acid  ester  of  lupinlne  with  piperidine  was  carried  out.  The  resulting 
complex  ester  was  saponified  and  yielded  the  original  substances. 
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It  has  been  shown  previously  that  in  the  mass  spectra  of  enyne  hydrocarbons  which  do  not  contain  tertiary 
butyl  radicals,  the  ions  CjbTj.  and  Cjlfy  predominate  [1).  A  study  of  the  enyne  hydrocarbons  containing  tertiary 
butyl  radicals -2,5, 5-trimcthylhcxcne-l-yne-3  (I)  and  2-tcrtiary  butylhexene  l-yne-3  (II) -has  shown  that  their 
dissociation  proceeds  in  another  manner. 


For  hydrocarbon  (I ),  which  contains  a  tertiary  butyl  radical  at  the  triple  bond,  there  Is  a  successive  splitting 
off  of  methyl  groups  with  subsequent  hydrogenation  or  dehydrogentation  of  the  ions  formed,  according  to  the  follow 
Ing  scheme: 


- ^ 

122  (3'i.o/o) 


C^Iir, - .  C.H+  - CJis* - .  C,II.^ 

107  (lOOO/o)  91  {92Vo)  77  (240/0)  65 


The  disintegration  of  the  ion  CjHIj apparently  includes  processes  of  dehydrogenation  and  hydrogenation 
which  lead  to  the  formation  of  the  thermodynamically  stable  fragment  C7H7  ,  which  is  possibly  a  tropylene  Ion. 
The  presence  in  the  mass  spectrum  of  a  mciastable  ion  of  mass  76.6  confirms  the  correctness  of  such  a  disinte¬ 
gration  mechanism. 


Number  of  carbon  atoms 


Distribution  of  ions  in  mass  spectra  accord 
Ing  to  the  number  of  carbon  atoms. 


Disintegration,  with  the  splitting  off  of  a  teniary 
butyl  radical,  is  characteristic  of  hydrocarbon  (II), 
during  which  a  positive  charge  may,  with  equal  proba¬ 
bility,  be  found  on  either  of  the  ions  formed; 

-| - ^ 

I - ^  (lOOO/o) 

These  peculiarities  of  enyne  hydrocarbons  with  a 
tertiary  butyl  radical  become  evident  in  the  distribution 
of  ion  intensities  in  accordance  with  ih.c  number  of  car¬ 
bon  atoms;  the  maximum  on  the  curve  for  hydrocarbon 

( I )  is  displaced  fiom  CgH^  to  and  CgH^;  for  hy¬ 

drocarbon  (1 1)  it  is  displaced  from  CgH^  to  04!!^  (see 
the  figure,  curves  1  and  2). 
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The  reaction  of  a-chloroethylmethyl  ester  with  sodium  alkylmalonic  esters  has  been  little  studied,  although 
this  ester,  like  other  a-chloroethylmethyl  esters  appears  to  be  an  extremely  reactive  substance  [  1  ]. 


Alkyl-a-methoxyethylmalonlc  esters.  CH^HfOCHjJC (COOC2H5)j 

R 


B.p. 

MRo  1 

Found  (%)  j 

1 

Cllc. 

R 

(pressure 

found 

calcu- 

Empirical 

kj 

in  mm) 

71^ 

lated 

c 

11 

formula 

c 

H 

1 

i 

CH. 

70-71° 

(0.5) 

1.032^1 

1 

1.4272 

57.85 

57.95 

56.75 

8.70 

C|iHjoOj 

56.00 

1  ■ 

8.62 

60 

C,Hs 

77—78 

(0.5) 

1.0257 

1.4332 

62.36 

62.57 

58.36 

8.97 

58.53 

8.94 

57 

n  •'*  w 

83-8! 

(0.5) 

1.0122 

1.43i7 

66.97 

67.19 

59.80 

9.32 

CjjIIiiOj 

59.97 

9.29 

52 

iso-Cjiii 

80—81 

(0.5) 

1.0184 

1.4378 

67.00 

67.19 

59.72 

♦9.15 

C|s11tiO| 

59.97 

9.29 

48 

CH(C.Il,), 

186-187* 

(0.5) 

— 

— 

— 

— 

71.57 

7.29 

CjjHrtO* 

71.87 

7.29 

78 

M.p.  50-51’  (from  benzene). 


The  only  work  known  is  that  of  Renard  and  Dony  [2  ].  in  which  the  reaction  of  a-chloroethylmethyl  ester 
with  malonic  and  ethylmalonic  esters  was  studied.  However,  these  authors  did  not  carefully  examine  the  sub¬ 
stances  they  obtained  since  this  reaction  was  not  the  principal  object  of  their  work. 

We  have  studied  the  reaction  of  a-chlorocthylmethyl  ester  with  a  series  of  sodium  alkylmalonic  esters  In 
absolute  ether,  as  a  result  of  which  we  obtained  the  corresponding  alkyl-a-methoxyethylmalonic  esters  whose 
properties  are  shown  in  the  table. 

Investigation  of  these  esters  is  being  continued. 
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For  the  purpose  of  studying  the  possibility  of  dehydrocyclization  of  trimethylhexylsilane,  we  passed  It  over 
a  chromium  catalyst  [  1  ]  at  530-  590"  and  a  volumetric  flow  rate  of  30.  It  app»*ared  that  under  these  condi¬ 
tions,  the  dehydrocyclization  of  trimethylhexylsilane  takes  place  with  the  formation  of  trimcthylphcnylsilane. 

(Clla)3SiCcM,3  411.,  (0113);,. SiC„II., 

The  aromatization  of  silicoparaffins  appears  to  be  a  new  reaction  in  silicoorganic  chemistry.  An  Intermedi¬ 
ate  product  is  an  unsaturated  silicohydrocarbon,  the  content  of  which  in  the  condensates,  determined  by  the  meth¬ 
od  of  thiocyanogcnizaiion,  varied  within  the  limits  7.5 -21'7o(dependingon  temperature).  Trimethylsilanc.ietramcthyl- 
silanc,  pentenes,  hexenes  and  benzene  were  found  as  byproducts. 

The  fraction  with  b.p.  163-  165*  ,  separated  out  by  repeated  distillation  of  the  condensates,  contains 
trimcthylphcnylsilane  along  with  unchanged  trimethyllicxylsilanc.  Data  from  the  literature  for  trimethylhexyl¬ 
silane  [2  J  are*.  b.p.  163*.  1.4154;  for  trimeihylphenylsilane  [3];  b.  p.  170-171",  n^  1.4901. 

The  presence  of  trimethylphenylsilane  in  the  fraction  boiling  at  163-  165*  is  also  confirmed,  apart  from 
the  increase  in  the  refractive  index  1.4195).  by  spectrum  anal^-sis.  The  infrared  spectrum  obtained  for  this 

fraction  has  an  absorption  maximum  characteristic  of  the  phenyl  nucleus  linked  to  silicon  (1117  and  1429  cm  *)[4]. 

A  search  for  more  effective  dehydrocyclization  catalysts  of  silicoparaffins  is  being  continued. 

SUMMARY 

The  possibility  of  the  catalytic  dehydrocyclization  of  trimethylhexylsilane  with  the  formation  of  trimcthyl¬ 
phcnylsilane  has  beewn  demonstrated. 
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Continuing  our  investigation  of  the  chemistry  of  cyclopropanes  [1,2],  we  have  succeeded  in  synthesizing 
several  new  hydrocarbons  of  tliis  series. 

l-Cyclopropylcyclohexadiene-1,4  and  1 -methyl -4-cyclopropylcyclohexadiene-l .4  were  obtained  by  the 
partial  reduction  of  phenyl  -  and  p -tolycyclopropane  by  sodium  (in  liquid  ammonia)  and  methyl  alcohol.  Sub¬ 
sequent  catalytic  hydrogenation  of  the  double  bonds  in  l-cyclopropylcyclohexadienc-1,4  (over  a  copper-chrome 
catalyst  at  100  atm.)  at  95“  and  then  at  125’  led  to  tne  lormation  of  cyclopropylcyclohexene-1  and, 
correspondingly,  of  cyclopropylcyclohexane;  the  latter  was  also  obtained  by  the  methylcnization  (3)  of  vinyl- 
cyclohexane. 

p-Cyclopropylstyrene  and  p-cyclopropylisopropenylbcnzcne  were  obtained  by  dehydration,  respectively, 
of  methyl-  and  dimeihyl-p-cyclopropylphenylcarbinol  (both  carbinols  were  obtained  from  p-cyclopropylaceto- 
phenone).  p-Dicyclopropylbenzenc  was  synthesized  in  two  ways- from  p -cyclopropylacetophenone  by  the  series 
uf  reactionsof  Mannikh  and  Kizhner  [4  ].  and  from  p-cyclopropylstyrene  by  methylenizatlon  [3], 

The  constants  of  all  the  hydrocarbons  we  synthesized  that  contain  three-membered  rings  are  shown  In  the 

table. 


1 

Boiling  point 
(pressure  in 
_Dim)  . 

Hydrocarbon 

n,*» 

d,*> 

found 

calcu¬ 

lated 

1  -Cyclopropylcyclohexa  - 
diene -1,4 

179°  (732) 

1.5035 

0.9170 

39.31 

1 

39.14 

1  -Methyl  -4  -cyclopropyl  - 
cyclohexadiene-1,4 

197  (750) 

1.5000 

0.9079 

44.20 

43.76 

Cyclopropylcyclohcxcne  -1 

168.3(747) 

1.4865 

0.8845 

39.71 

39.60 

Cyclo¬ 

propyl- 

'  from  cyclo- 
1  propylcyclo- 
liexene-l 

157.5-158(747) 

1.4560 

0.8368 

40.31 

40.07 

cyclo¬ 

hexane: 

f  from  vinyl - 
^  cyclohexane 

157.3(746) 

1 

1 

1.4.535 

0.8393 

40.01 

40.07 

p -Cyclopropylstyrcne 

105-106(12) 

1.5632 

0.9628 

48.65 

47.44 

p-Cyclopropylisopropenyl- 

bonzene 

123(14) 

1..5630 

0.9515 

54.00 

52.06 

p-Dicyclo-  1 
propvl- 

from  p-cyclo- 

propyiaceto- 

phenone 

211  (755) 

1..5340 

0.9472 

51.94 

! 

1 

51.04 

benzene:  | 

from  p-cyclo-' 
propylstyrene 

82  -83(2) 

1.5343 

0.9468 

51.93 

1 

51.04 
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• 

The  present  letter  describes  reaction  between  dichlorocarbene  and  enyne  hydrocarbons  — 2-methylpcniene- 
-l-yne-3  and  2-methylhexene-2-yne-4. 

Taking  into  consideration  the  electrophilic  character  of  dichlorocarbene  [  1  ],  a  more  or  less  selective  Unk¬ 
ing  to  the  double  bond  of  the  enyne  system  was  to  be  expected.  This  assumption  was  confirmed  by  experiment 
in  the  case  of  2-methylpcntene- 1 -yne-3.  The  dichloride  (  1  )  was  the  only  product  isolated  from  the  reaction. 

.  ppi 

(:ii3-Ci=(:— c=r,ii2 

I 

c:ii3 

(I) 

In  contrast  to  the  majority  of  other  work  relating  to  this  field,  dichlorocarbene  was  obtained  by  the  thermo¬ 
lysis  of  sodium  trichloroacetate  in  a  solution  of  1,2-dimethoxyethane.  26  g  (0.325  moles)  of  hydrocarbon,  26  g 
(0.140  moles)  of  sodium  trichloroacetate  and  30  g  of  1 .2-dimethoxyethane  were  heated  at  100  “  with  mechan¬ 
ical  stirring  for  seven  hours  in  an  atmosphere  of  nitrogen.  On  completion  of  the  reaction  a  precipitate  of  NaCl 
was  filtered  off  and  the  reaction  product  was  distilled  in  vacuo.  Yield  (1)4.5  g  (20^)^  of  that  calculated  on  the 
basis  of  the  trichloroacetate  used). 

B.p.  61*  (10  mm),  no”  1.4906,  1.1432. 

Found:  C  51.76^0,  51.72‘y^>;  H.  5.47^0,  5.42^7^;  Cl  43.76^70,  43.28‘7o.  CtHjCIj,  calculated:  C  51.57<7o;  H  4.91<7a 
Cl  43.53*70. 

Infrared  spectrum:  757  (v.s.),  1028  (s),1384  (s),  1450  (v.s.),  2252  (mcd.). 

The  band  corresponding  to  the  valence  vibration  of  the  C  =  C  bond  (I)  is  absent  from  the  infrared  spectrum. 

By  oxidizing  ( I )  with  a  solution  of  KMnO^  in  acetone  in  the  presence  of  sodium  bicarbonate,  the  acid  al¬ 
ready  known  in  the  literature  with  m.p.  60-61*  (from  petroleum  ether)  was  obtained.  From  the  literature; 
m.p.  60-  62*  [2]. 

Found:  Cl  41.96*70.  CiHjCl,,  calculated:  Cl  42.0<7o 

The  result  of  the  oxidation  confirms  the  structure  ( I ),  In  this  example  the  possibility  of  the  selective 
linking  of  dichlorocarbene  to  a  double  bond  of  an  enyne  hydrocarbon  was  demonstrated.  However  in  the  case  of 
the  reaction  of  dichlorocarbene  with  2-mcthylhexene-2-ync-4,  the  selective  linking  to  the  double  bond  was  not 
observed.  As  a  result  of  the  reaction  of  dichlorocarbene  with  2-methylhexene-2-yne-4,  under  the  conditions 
mentioned  above,  we  obtained  a  mixture  of  chlorides  with  a  20*7o  yield. 


cr.i2  CCla 

/\  /\ 

G - GIL,  IIOOG-G - Gil* 
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B.  p.  28  -  35*  (0.1  mm).  Found  :  Cl  39.2'yo.  C,Hi^l,.  calculated  :  Cl  40.04%. 

Some  decrease  In  the  content  of  chlorine,  apparently,  may  be  explained  by  the  slight  hydrolyzabllity  of 
one  of  the  components  of  the  mixture.  As  a  matter  of  fact,  by  reacting  with  a  5%  soda  solution  at  60* ,  approx¬ 
imately  30*40% of  the  chloride  is  hydrolyzed.  As  is  well  known.  1,1-haloidcyclopropanes  cannot  be  hydroly^,ed 
under  these  conditions  [3].  Tlic  infrared  spectrum  of  the  reaction  products  also  pointed  to  the  fact  that  we  were 
dealing  with  a  mixture  of  chlorides,  since  the  frequencies  for  both  double  and  triple  bonds  were  present. 

In  this  research,  the  reaction  between  dichlorocarbene  and  cnyne  hydrocarbons  was  accomplished  for  the 
first  time. 
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In  studying  the  diene  synthesis  between  n-phenylcinnamlc  acid  and  various  diene  hydrocarbons,  we  found 
conditions  (16  - 18  hour  heating  at  300*  of  a  benzene  solution  of  p-phenylcinnamic  acid  with  a  double  excess 
of  alkadiene  in  a  steel  autoclave  without  a  bearing,  in  the  presence  of  0.1  g  of  picric  acid  and  0.1  g  of  hydro- 
quinone),  under  which  the  addition  products  formed  — 2-p-diphenyl-l ,2,3, 6-,.ctrahydrobenzoic  acids— are  immed¬ 
iately  decarboxylated  and  dehydrogenated  with  the  formation  of  pnerphenyls. 


+ 


ipCellrCells 


-COOM 


\/ 
_  I 


CellrCoMs 

cooil 


-CO,;  -211, 


% 


p-Terphenyls  from  p-Phenycinnamic  Acid  and  Alkadienes 


No. 

Names 

Starting  Alkadiene 

Yield 

in 

Melting  point 

Ultraviolet  spectra 

^max 

Ig  ^max 

(I) 

p-Terphenyl 

Divinyl 

48 

209.5-  210* 

280 

4.41 

(11) 

3-Methyl-p-terphcnyl 

Piperylene 

55 

126-127 

291 

4.54 

(HI) 

4-Mcthyl  -p  -terphenyl 

Isoprene 

55 

207 

285 

4.64 

(IV) 

3,4-Dimethyl*  p-terphenyl 

2,3-Dimethylbuta- 

55 

127 

285 

4.53 

diene-1,3 

362 

2.18 

382 

1.85 

The  p-tcrphcnyls  (I  -  IV  )  (sec  the  table)  were  separated  by  distilling  the  reaction  mixture  in  vacuo  (  2- 
-  3  mm)  and  were  purified  by  recrystallization  from  alcohol  ( I  -  1 1 1 )  or  from  acetonitrile  ( IV  )  and  sublimation  in 
vacuo. 


I 
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